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CIV. — A  New  Method  for  the  Measurement  of  Hydro- 
lysis in  Aqueous  Solution  based  on  a  Considera- 
tion of  the  Motion  of  Ions. 

By  Egbert   Beckett  Denisox,  M.Sc,    Ph.D.,  and  Bertram  Dillon 

Steele,  D.Sc. 

During  the  development  of  a  more  accurate  method  (Denison  and 
Steele,  Phil.  Trans.,  1906,  205,  A,  449)  than  that  previously  adopted 
for  the  direct  measurement  of  "  ionic  velocities,"  we  have  repeatedly 
noticed  that  when  certain  salts  were  employed  as  indicators  there  was 
a  constant  retardation  of  the  margin  under  observation.  It  had 
been  previously  pointed  out  (Steele,  Phil.  Trans.,  1901,  198,  A,  105) 
that  one  of  the  necessary  conditions  for  a  constant  margin-velocity 
was  that  the  indicator  should  not  undergo  hydrolysis,  and  a 
number  of  cases  of  retardation  referred  to  above  have  been  traced 
to  the  fact  that  the  indicators  in  question  were  somewhat  hydro- 
lysed.  It  occurred  to  us  that  the  retardation  might  be  capable 
of  quantitative  measurement,  and  might  serve  as  a  means  of 
determining,  at  least  approximately,  the  extent  of  hydrolysis  of  the 
indicator.  Our  anticipations  have  been  more  than  realised,  as  we 
have  found  the  above  principle  to  be  capable  of  development  to  an 
accurate  method  of  measuring  hydrolysis  which  can  be  carried  out 
with  considerable  rapidity  and  in  solutions  of  widely  varying  con- 
centration. 

It  has  been  shown  that  if  solutions  of  two  electrolytes,  KA  and 
KjA,  having  one  ion  in  common,  are  superposed,  and  an  electric 
current  is  passed  through  the  system,  a  stable  electrolytic  margin 
between  the  two  solutions  will  result.  This  margin  will  move  either 
with  or  against  the  current  with  a  definite  velocity  provided  that 
certain  conditions  are  fulfilled.  Of  these  conditions,  the  most  impor- 
tant is  that  the  specific  velocity  of  the  hinder  ion  is  less  than  that  of 
the  ion  which  it  follows.  In  the  accompanying  figure  (1),  if  the  current 
is  flowing  in  the  direction  of  the  arrows  and  the  non-common  ions  are 
the  two  cations,  a  stable  electrolytic  margin  of  definite  velocity  will 
result  provided  that  K^'  is  specifically  slower  than  K.'.  If  this  and 
other  conditions  are  fulfilled,  the  velocity  of  the  margin  is  the  same 
as  that  of  the  cation  K'  under  the  particular  potential  gradient 
within  the  solution  of  the  electrolyte  KA.* 

*  Fur  a  full  discussion  of  the  conditions  for  a  stable  margin  of  constant  velocity, 
see  Masson,  Phil.  Trans.,  1899,  192,  331  ;  Steele  loc.  cit.  ;  and  Denison  and  Steele, 
loc.  cit. 
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When,  however,  the  slower  or  indicator  ion  is  the  cation  (or  anion) 
of  a  hydrolysed  salt,  the  case  is  not  quite  so  simple.  Then  there  exist 
behind  the  margin  not  only  Kj*  cations,  but  also  hydrogen  cations,  H*, 
and  the  condition  of  equilibrium  is  such  that  the  ratio  of  the  con- 
centrations of  the  K^*  ions  to  that  of  the  H*  ions  is  constant  at  a 
given  concentration  and  temperature.  Whilst  the  specific  velocity  of 
the  Kj*  ions  is  less  than  that  of  the  K'  ions,  the  H*  ions  move  much 
faster  than  either,  and  by  virtue  of  their  greater  speed  they  cross  over 
the  boundary  between  K^"  and  Iv*.  As  a  result  of  this  overstepping, 
the  system  will  become  divided  into  three  sections,  each  separated  by 
an  ionic  margin  (Fig.  2). 

The  uppermost  section.  A,  consists  of  the  indicator  solution,  in  which 

the  concentration  of  the  H'  ions  is 
constant,    and  in  order  to   maintain 
it   constant  during    electrolysis,    we 
KjA    A  must    assume    that    this   section    is 

connected  with  a  large  reservoir  of 
more     concentrated    solution,     from 

^^1^  ^ which  the  H'  ions  can  be  replaced 

as  they  move  away  towards  the 
cathode.  This  section  is  separated 
from  the  nest,  B,  by  the  electrolytic 
margin  (1),  which  is  formed  between 
the  ions  K^*  on  the  one  side  and 
K*  ions  on  the  other.  The  section 
B  actually  consists  of  a  mixture  of 
KA    C  Kj^  and  HA,   the  HA   having  bee  a 

formed  by   the  intrusion  of  rapidly 
moving    H'    ions  from    A.     In    this 
Fm.  1.  Fig.  2.  section  also  the  H*  ions  must  have 

a  constant  concentration  which  will 
be  dependent  on  the  concentration  of  H'  ions  in  A.  The  section  B 
extends  as  far  as  the  foremost  H'  ions,  and  B  is  thus  separated  from 
(7  by  a  somewhat  ill-defined  margin  (2),  which  marks  the  position 
reached  by  the  front  H'  ions  as  they  travel  down  the  tube.  The 
section  C  contains  unchanged  KA. 

Now,  the  velocity  of  the  margin  in  Fig.  1  depends  upon  the  poten- 
tial gradient  io  the  KA  solution,  whereas  in  Fig.  2  it  depends  upon 
the  potential  gradient  in  the  mixed  solution  of  KA  and  HA.  But 
the  potential  fall  is  proportional  to  the  resistance,  which  must  be 
diminished  by  the  intrusion  of  rapidly  moving  H*  ions,  and  therefore 
the  velocity  of  the  margin  (1)  must  be  diminished  by  hydrolysis  in 
the  indicator.  Although  the  measurement  of  the  diminution  in  velocity 
of  the  margin  is  the  most  obvious  method  of  applying  the  foregoing 


KA 


KjA 

+ 

HA 
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I'elations  to  the  measurement  of  hydrolysis,  it  is  by  no  means  the  best 
or  the  most  accurate  method  at  our  disposal.  It  has  been  found  that 
by  measuring  the  electrical  conductivity  of  the  solution  in  different 
parts  of  the  system  we  have  an  accurate  and  simple  means  of  obtain- 
ing all  the  data  necessary  for  calculating  the  ionic  concentration  of  the 
hydrogen  ions  both  in  front  of  and  behind  the  margin. 

The  apparatus  employed  for  the  measurement  of  the  conductivity  of 
the  solutions  during  electrolysis  is  shown  diagrammatically  in  Fig.  3. 

Two  glass  tubes,  A  and  B,  about  2  cm.  in  diameter,  are  connected  by 
a  nai'row  tube,  .£',  which  has  a  diameter  of  about  0  6  cm.  Each  of  the 
tubes  A  and  JJ  is  provided  with 
an  electrode  vessel,  C  and  D. 
The  tube  E  is  sealed  into  A  so  as 
to  form  a  shoulder  projecting"  in- 
wards, and  two  small  platinum 
electrodes,  b  and  g,  are  sealed 
into  the  tube  about  6  mm.  apart, 
the  upper  electrode  being  some 
2  cm.  from  the  shoulder.  The 
capillary  tube  K  is  provided  with 
a  bell-shaped  enlargement,  across 
the  open  end  of  which  a  mem- 
brane of  parchment  paper  can 
be  stretched.  The  tube  K  slides 
not  too  loosely  in  the  rubber  cork 
with  which  the  tube  A  is  closed. 
The  tube  B  is  similarly  closed  by 
a  rubber  cork  carrying  the  capil- 
lary tube  e.  The  vessel  D  con- 
tains as  cathode  a  piece  of  lead 
wire  immersed  in  a  paste  of  lead 
peroxide  and  sodium  acetate  solu- 
tion. The  anode  in  C  consists 
of  cadmium  amalgam,  into  which 
dips  a  copper  wire.     In  order  to 

carry  out  an  experiment,  the  tubes  D  and  C  are  completely  filled,  the 
one  with  a  solution  of  potassium  chloride  and  the  other  with  a  solution 
of  the  salt  the  hydrolysis  of  which  is  to  be  measured.  The  apparatus  is 
then  placed  in  the  thermostat,  and  a  solution  of  potassium  chloride  of 
known  strength  carefully  poured  in  through  B  until  it  reaches  the 
level  of  the  shoulder  in  A.  When  the  temperature  of  the  solution  is 
the  same  as  that  of  the  bath,  the  conductivity  is  determined  by  placing 
the  wires  from  a  Wheatstone-Bridge  circuit  into  the  mercury  contained 
in  the  electrode  tubes  b  and  g.     Tlie  membrane  is  theu  bronglit  into 


Fig.  3. 
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position  on  the  shoulder  of  A,  and  the  current  through  the  apparatus 
is  started  by  pouring  into  B  potassium  chloride  solution  and  into  A 
the  solution  to  be  measured.  As  a  rule,  a  boundary  soon  appears  in 
the  tube  C,  and  the  membrane  can  then  be  removed,  as  its  object  is 
simply  to  prevent  mixing  between  indicator  and  middle  solution  at  the 
beginning  of  an  experiment.  At  intervals  during  the  experiment, 
the  conductivity  of  the  solution  between  the  electrodes  b  and  g  is 
measured.  In  order  to  prevent  electrolysis  taking  place  at  the  elec- 
trodes b  and  g,  it  is  necessary  that  the  circuit  through  the  Wheatstone 
Bridge  and  between  these  electrodes  should  never  be  closed  at  the  same 
time  as  the  main  circuit.  An  arrangement  of  mercury  cups  was 
therefore  devised  by  means  of  which  connection  when  made  in  one 
circuit  was  broken  in  the  other.  During  the  progress  of  an  experi- 
ment, a  visible  margin  appears  and  advances  steadily  down  the  tube 
E.  This  is  margin  1  (Fig.  2).  An  invisible  margin  (2),  however, 
moves  simultaneously  and  rapidly  in  advance  of  the  visible  one,  and 
its  inovement  is  shown  by  the  increase  of  the  conductivity  of  the 
solution  in  the  tube.  The  conductivity  therefore  rises  steadily,  and 
reaches  a  maximum  when  the  invisible  margin  has  passed  the  second 
platinum  electrode.  From  now  onward  the  conductivity  remains 
constant  until  the  margin  (1)  reaches  the  first  platinum  electi'ode. 
This  maximum  conductivity  is  that  of  the  mixture  of  potassium  chlor- 
ide and  hydrochloric  acid  formed  by  the  penetration  of  the  visible 
electrolytic  margin  by  the  rapidly  moving  H*  ions,  and  from  the 
increase  in  conductivity  of  the  original  potassium  chloride  solution 
the  concentration  of  the  H'  ions  in  the  mixture  of  potassium  chloride 
and  hydrochloric  acid  can  be  calculated.  From  the  moment  that  the 
visible  margin  has  passed  the  first  electrode,  the  conductivity  falls 
rapidly  until  the  margin  has  passed  the  second  platinum  point,  when 
it  again  becomes  constant.  This  constant  value  is  the  conductivity  of 
the  indicator  solution,  and  the  knowledge  of  it  furnishes  us  with  an 
easy  means  of  determining  the  actual  concentration  of  the  indicator 
behind  the  boundary.  This,  it  should  be  borne  in  mind,  is  not  neces- 
sarily the  same  as  the  concentration  of  the  indicator  solution  placed 
in  the  apparatus,  because  the  concentration  of  the  indicator  behind 
the  margin  adjusts  itself  automatically  to  a  value  dependent  on  the 
concentration  of  the  potassium  chloride  and  the  transport  numbers  of 
the  non-common  ions  in  the  potassium  chloride  and  the  indicator 
solution.  If,  however,  by  measurements  with  pure  substances  we 
determine  the  conductivity  of  solutions  of  the  indicator  salt  of  different 
concentrations  and  plot  the  concentration-conductivity  curve,  we  can 
read  off  directly  the  value  of  the  concentration  of  the  indicator  from 
the  last  reading  in  the  experiment. 
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The  Calculation  of  the  Concentration  of  the  H'  ions  in  the  Solution. 

It  has  been  shown  (Steele,  loc.  cit.)  that  if  there  is  no  hydrolysis  m 
the  indicator  the  conductivity  of  the  potassium  chloride  solution,  and 
hence  also  its  concentration,  remains  constant  right  up  to  the  margin. 
In  the  present  esperiments  this  cannot  be  the  case,  and,  as  we  shall 
presently  see,  the  concentration  of  the  K'  ions  becomes  less  and  that  of 
the  Cr  ions  greater  than  the  original  concentration.  This  follows  from 
the  necessity  for  equilibi-ium  between  the  positive  and  the  negative  ions 
present  in  the  system.  Every  H'  ion  which  crosses  the  margin  displaces 
a  K*  ion  and  partners  a  CI'  ion  which  was  previously  partnered  by  the 
displaced  K  ion. 

If  K  represents  the  specific  conductivity  of  the  original  potassium 
chloride  solution  and  k  that  of  the  same  solution  after  the  penetration 
of  the  H*  ions,  we  have  : 

(1)     K=[Zk  +  A,]C, 

where  L^  and  Z^  represent  the  "ionic  conductivities"  of  the  K*  and 
cr  in  a  solution  of  potassium  chloride  containing  C  mols.  per  litre. 

If  a  represents  the  increase  in  concentration  of  the  CI'  ions  and  h 
the  diminution  in  concentration  of  the  Iv'  ions  consequent  on  the 
entrance  of  hydrogen  ions  into  the  potassium  chloride  solution,  then 
the  concentration  of  these  H'  ions  must  be  {a  +  h),  since  the  solution 
must  remain  electrically  neutral.  If  L^  denotes  the  ionic  conductivity 
of  the  hydrogen  ions  at  the  concentration  \a  +  b)  we  have  : 

(2)  k' =  Zk(c  -  6)  +  Xci(c  +  a)  +  Zh(«  +  6) 
or  (2«)  K  =  [Zk  +  Zci]c  +  Lji\a  +  &]  +  aZ^  -  6Zk. 

Subtracting  (1)  from  (2rt)  we  obtain 

«'  —  /<  =  («  +  b)L^  +  aL(-i  —  bL^ 

K    —  K 

or  (a  +  b)  =  Ch-  =  '^^~cr^  h    ^ 

a  +  o  a  +  b 

in  oi'der  to  calculate  the  value  of  a  and  b  it  is  necessary  to  consider 
the  distribution  of  potential  in  the  portions  B  and  C  of  the  circuit 
(Fig-  2). 

Since  the  potential  gradient  in  any  part  of  the  circuit  is  proportional 
to  the  specific  resistance  of  that  part,  it  is  inversely  proportional  to 
the  specific  conductivity.  This  we  have  seen  to  be  k  for  the  section  C 
and  K  for  the  section  B.  If  p  and  p'  are  the  corresponding  potential 
gradients,  then 

7)  K 

—  =  —  =  (^  say  where  d)  <  1 . 

p         K 
VOL.    LXXXIX.  3   U 
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Let  the  velocity  of  the  margin  (2),  that  is,  of  the  H'  ions  under  the 
potential  gradient  p  in  B  be  V,  and  suppose  the  velocity  of  the  K'  ions 
in  C  is  u,  and  consequently  in  B  (jiU.  Similarly  we  will  assume 
that  the  velocities  of  the  CI'  ions  in  C  and  B  are  respectively  v  and  (f)V. 
Then  the  H'  ions,  of  which  the  foremost  rank  form  the  boundary  (2), 
overtake  and  pass  the  K'  ions  moving  in  the  same  dir«?ction,  and  the 
velocity  with  which  the  K'  ions  are  overtaken  is  given  by  (V—u). 
However,  as  soon  as  the  margin  (2)  overtakes  a  K'  ion,  the  latter  is 
immediately  compelled  to  reduce  its  velocity  from  u  to  <f>u,  since  behind 
the  margin  the  potential  gradient  is  only  ^  times  that  in  front  of  the 
boundary.  Hence  the  margin  (2)  as  it  progresses  towards  the 
cathode  leaves  behind  the  K*  ions  in  5  at  a  rate  {V -  (jiic),  whereas  it 
overtakes  those  in  C  with  a  velocity  (V—u).  As  ^  is  less  than  1,  the 
result  is  that  those  K*  ions  behind  the  margin  spread  themselves  over 
a  longer  length  of  tube,  that  is,  their  concentration  becomes  diminished. 
Denoting  distances  along  the  tube  by  x,  we  may  write 

dx    _  velocity  with  which  the  margin 
dt  overtakes  the  K*  ions  in  C 


=  {V-u). 


dx         velocity  with  which  the  margin         ,j^      ,    , 
dt         leaves  behind  the  Iv    ions  in  B 


dx        V  -  u 


dx      V—  <f>u 

But  the  volumes  occupied  by  the  ions  which  have  moved  the  distances 
dx  and  dx'  are  respectively  sdx  and  sdx,  where  s  represents  the  area  of 
cross  section  of  the  measuring  tube.  Moreover,  the  concentrations  of 
the  Iv'  ions  on  either  side  of  the  margin  are  proportional  to  the 
reciprocals  of  sdx  and  sdx. 

.     Concentration  of  K*  ions  in  B     sdx        V—u 
Concentration  of  K'  ions  in  C'~  sdx'~  V  -  (fyu' 
Hence 

Concentration  of  K*  ions  in  B  =  Cp  =  c 


V  -  (fiU 
If  we  denote  by  ^Vthe  ratio  of  the  mobilities  of  H*  and  K*,  then 

-  =  i\ ,    and  Cb  =  c  — — 

u  \A  — 

Therefore  the  loss  of   concentration  of  K'   ions  in  B  =  c  —  ci'^   ~  -\ 

or  b  =  c[  ,,      - 

Similarly,  by  considering  the  motion  of  the  CI'  ions  on  either  side  of 
the  margin  (2),  we  have  : 


MEASUREMEXT   OF   HYDROLYSIS    IN    AQUEOUS   SOLUTION,      1005 

Velocity  with  which  the  CI'  ions  in  C  approach  the  margin  (2)  =  V+  v. 
Velocity  with  which  the  CI'  ions  in  B  recede  from  the  margin  =  V+  <f}V. 

Thus  the  CI'  ions  in  JJ  cannot  move  away  from  the  margin  as  quickly 
as  those  in  C  approach  it,  and  the  result  is  an  increase  in  the  concentra- 
tion of  Cr  ions  in  £. 
As  before  : 

Concentration  of  CI'  ions  in  B    _      V+v 
Concentration  of  CI'  ions  in  (J  V-\-  <^u" 

V+v 


Coucentration  of  CI'  ions  in  B  =  6"r  =  c 


V+(f>v 


If  the  ratio  =y  then  C"r  =  c 


.-.    Increase  of  CI'  ions  mB  =  (C ^  -  C)  =  6'|f  ^'' -— ^  -  1 1  =  <^{4^ 

1- 


Hence  («  +  6)-Ch-  c  ^^^.^  +  ^^^|  - ^-^,-^p,-^ 

a  y  -  d)         lb 

=    —    and         ~ 

a  +  b  X  +  S'  a  +  b 

We  are  now  able  to  express  the  concentration  of  the  H*  ions  in  the 
portion  B  of  the  tube,  and  it  only  remains  to  calculate  from  this  the 
concentration  of  the  H'  ions  in  the  indicator  solution.  This  can  be 
done  by  a  similar  calculation  to  the  above,  whereby  the  visible  boundary 
(1)  is  considered.  If  k"  and  p"  represent  the  specific  conductivity  and 
potential  gradient  respectively  in  A,  then  we  have  the  relation  : 

p"  in  A    _    k'  in  B    _    _ 
p    in  B  k"  in  A 

The   velocity  of  the    margin  (1)  is  that   of  the  K'  ion   under    the 

potential  gradient  p.     Let  this  velocity  be  u  and  the  velocity  of  the 

H'  ions  in  A  be  V,  the  H"  ions  in  B  having  of  course  a  velocity  Tas 

V 
previously  stated.     Then  F'  =  7rF,   or   if  —  =  X,  V  =  irNu. 

u 

In  exactly  the  same  way  as  before  we  obtain  the  relation  : 

Velocity  with  which  the  H"  ions  in  A  approach  margin  (1) 
Velocity  with  which  the  H'  ions  in  B  leave  margin  behind 

r  -  u         NiT  -  1 


V  -u  N-\ 

3  u  2 
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Hence 

CoDcentration  of  H'  ions  in  ^    _    Ntt  -  1 
Concentration  of  H"  ions  in  A  i\'  -\ 

•     Concentration  of  H'  ions  in  A  —  ^, —      \  a  +  b  ,. 

a\  71 —  i     L  J 

Combining  this  result  witii  that  previously  obtained  for  {a  +  b)  we 
have  : 

CoLcentration  of  H'  in  indicator  — 

From  the  measurement  of  the  conductivity  of  the  thi-ee  portions, 
C,  B,  and  A,  as  they  successively  come  between  the  electrodes  during 
the  course  of  an  experiment,  we  obtain  k,  k  ,  and  k". 


Then 


=     TT. 


iV  and  iV  are  obtained  fi-om  conductivity  measurements  or  by  direct 
measurement  (see  Denison  and  Steele,  loc.  cit.).  The  values  taken  here 
were  those  found  by  Denison  and  Steele,  and  are  given  below  : 

N'   =    ^_         N  =   ^. 

At  IS".  At  25\ 

Dilution.  10.  5o!  100.  '  10.  50.  100. 

ici   56-7  60-8  62-0  65-1  69-8  71-5 

Lk     55-2  59-2  60-3  63-2  67-9  69-6 

K 5-68  5-3  5-2  5-19  4-83  472 

N'     5-52  5-14  5-05  5-04  470  4  59 

It  has  been  assumed  that  the  mobility  of  the  H*  remained  the 
same  in  the  different  experiments  at  the  same  temperature.  This 
must  be  very  nearly  so  since  the  solutions  of  potassium  chloride  are 
dilute,  and  the  concentration  of  the  H"  ions  in  the  various  experi- 
ments was  of  the  same  order  of  magnitude  (approximately  Q-OOl 
normal).  The  values  assumedior  Zh  were,  at  18^,  313,  and  at  25°,  328. 
Should  these  values  prove  later  to  be  not  quite  correct,  the  method 
would  not  thereby  lose  in  value,  and  the  actual  figures  now  obtained 
would  only  be  slightly  in  error. 

As  the  object  of  the  present  research  was  to  test  thoroughly  the 
method,  three  salts  only  have  been  submitted  to  measurement,  namely, 
the  hydrochlorides  of  aniline,  and  of  ortho-  and  /»a?-rt-toluidine.  The 
measurements  were  carried  out  at  temperatures  of  18°  and  25°  and  at 
concentrations  of  O'l,  0'02,  and  O'Ol  normal. 
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A  few  of  the  earliex^  measurements  were  made  with  salts  which  had 
been  prepared  from  an  ordinary  sample  of  the  organic  base.  The 
method  proved  itself,  however,  sufficiently  sensitive  to  indicate  the 
presence  of  impurities  in  these  salts,  and  this  was  afterwards  confirmed 
by  direct  experiment.  The  salts  were  therefore  prepared  by  dissolving 
a  quantity  of  the  carefully  fractionated  free  base  in  ether,  and 
1  assing  hydrochloric  acid  gas  into  the  solution.  The  precipitated 
hydrochloride  was  washed  with  ether  and  then  crystallised  from  three 
to  seven  times  from  alcohol  until  the  aqueous  solution  had  attained  a 
constant  conductivity. 

The  conductivity  of  the  salt  was  then  measured  at  dilutions  varying 
from  v  =  8  to  v  =  200,  and  the  results  were  plotted  on  a  specific  con- 
ductivity— dilution  curve.  These  curves  were  afterwards  used  for 
the  determination  of  the  concentration  of  the  indicator  solution  of 
which  the  hydrolysis  was  measured.  The  following  are  the  values 
obtained  for  the  conductivities  of  the  pure  salts. 


Aniline  Hydrochloride. 


At  18'. 


At  25" 


Dilution  V, 

"^ 

Dilution  V, 

that  is, 

Specific 

Molecular 

that  is, 

Specific 

Molecular 

no.  of  litres 

con- 

con- 

no. of  litres 

con- 

con- 

containing 

ductivity. 

ductivity. 

containing 

ductivity. 

ductivity. 

Salt.       1  gram-mol. 

K.                f. 

i  =  KVy.lQ\ 

1  gram-mo!. 

K.           fX. 

=  /crxlb3 

Aniline                    8 

0-00976 

78-1 

8 

0-01127 

90-16 

hydrochloride  16 

0-00529 

84-7 

16 

0-00621 

99-4 

32 

0-00284 

90-9 

32 

0  003318 

106-2 

40 

0-002295 

91-9 

40 

0-002696 

107-8 

64 

0-001505 

96-3 

64 

0-001792 

114-6 

SO 

0-001231 

98-5 

80 

0-001451 

116-0 

128 

0-0008075 

103-2 

128 

0-000952 

121-7 

160 

0-0006515 

104-2 

160 

0-000765 

122-3 

200 

0-0005295 

105-9 

200 

0-000633 

126-6 

o-Toluidine              8 

0-00945 

75-6 

8 

0-01103 

88-24 

hydrochloride    16 

0-00516 

82-6 

16 

0-00609 

97 -5 

32 

0-00279 

-    89-4 

32 

0-00330 

105-6 

64 

0-001497 

95-9 

64 

0-001770 

113-2 

80 

0-001234 

98-8 

80 

0-001475 

118-0 

128 

0-000800 

102-4 

128 

0-000945 

120-9 

160 

0-000658 

105-2 

160 

0-000781 

124-8 

200 

0-000532 

106-4 

200 

0-000655 

131-0 

0-00493 

78-9 

At  24-8°. 

^y-Toluidine            16 

16 

0-00584 

93-5 

hydrochloride  32 

0-00266 

85-2 

32 

0-00311 

99-6 

64 

0-001405 

90-0 

64 

0-001648 

105-3 

80 

0-001137 

91-0 

80 

0-001325 

106-0 

128 

0-000745 

95-4 

128 

0-000859 

110-0 

160 

0-000598 

95-9 

160 

0-000705 

112-7 

200 

0-000485 

97-0 

200 

0-000575 

115-0 
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Results  of  Hf/drolysis  Measurements. 
At  18°.  At  25°. 


V. 

./■  per  cent. 

A710-'. 

K    X 

per  cent. 

A7103. 

0-Toluidine            19 -1 

1-97 

47-5 

18-3 

2-49 

28-8 

hYdiochlovidc     92 

4-53 

43-3 

91 

5-40 

29-5 

88 

4-40 

43-3 

155 

7-15 

28-2 

175 

5-75 

49-9 

172 

7-10 

31-0 

Mean  K, 

/lO'^  at  18° 

=  46-0 

Mean  ^/l 

O-  at  25° 

=  29-6 

_^-Toluidine            17  "6 

0-85 

242 

17-4 

0-94 

195 

hydrochloride     18 

0-84 

253 

88 

2-12 

191 

82 

1-82 

243 

90 

2-17 

187 

89 

1-82 

263 

165 

3-02 

176 

161 

2-39 

276 

166 

2-97 

183 

Mean  AVlO^  at  18= 

=  256 

Mean  KjlQ^  at  25° 

=  186 

Aniline                    17  "6 

1-64 

64-6 

17-9 

1-98 

44-3 

hydrochloride     82 

3-63 

60-0 

18-2 

1-99 

44-8 

167 

5-16 

59-6 

79 

4-12 

44-5 

175 

5-13 

63-3 

81 

4-37 

40-5 

84 

4-39 

41-8 

Mean  A' 

/lO^at  18' 

=  61-9 

157 

5-60 

46-6 

167 

6 -OS 

42-6 

11,000  cals. 


r900  cals. 


8700  cals 


Mean  ^/lO^  at  25°  =  43 -6 

In  the  above  table,  the  results  of  the  experiments  at  18°  and  25°  are 
placed  side  by  side.  In  column  I  are  the  dilutions  of  the  solutions  of 
the  indicators  in  litres,  the  numbers  under  V  represent  the  number  of 
litres  of  the  indicator  solution  containing  one  gram-molecule  of  the 
hydrochloride.  These  solutions  are  hydrolysed  or  split  up  by  the  water 
into  acid  and  base  to  a  degree  of  x  per  cent.  The  values  of  x  are 
given  in   the  second  column.     In  the  third  column   ai-e  placed   the 

values   of  — ,  K   being    the    hydrolysis   constant  which  is  given 


by  the   ratio 


per  cent,  unhydrolysed  salt  x  dilution  (  V) 


per  cent,  free  acid  x  per  cent,  free  base 
The  concentrations  of  free  acid  and  free  base  formed   by  hydrolysis 
are  of  course  identical. 

In  order  to  render  more  evident  the  method  of  arriving  at  the 
above  figures,  it  will  be  perhaps  not  out  of  place  to  work  out 
completely  one  set  of  experimental  figures.  As  an  example  we 
take  iin  experiment  with  aniline  hydrochloride  acting  as  indicator 
to  an  approximately  0'02  normal  solution  of  potas.sium  chloride  at 
25°.     The  following  figures  were  obtained  : 


Specific   conductivity   of    potassium    chloride    alone 
ohm~^ 


0-002560 
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Maximum     specific    conductivity      of     potas-ium      chloride     after 
penetration  of  H*  ions  :    k'  =  0-002960  ohm~i. 

.-.  k'-/c  =  0-000400  ohm-i. 

Specific    conductivity    of    indicator    solution     behind    the    margin 

=  0-001385    olim~^,   which    corresponds   ou   the    concentration — con- 

.  p     1       firram-moLs.     ,  i     ,  •     ^ 

ductivity    curve     to   a    concentration   of  -— —    °- — — ,  tnat  is,  to 

•'  84-4:  litre 

a  dilution  of  84-4. 

Now  cb    =  ^    =    0-86.         TT   =    ^-^%  =  2-14. 
^  K  138*0 

iV  =     ^H-    _   _328    ^    ^.g3  y,    _-.  t^   =    1^  =  4-70. 

Zk.         67-9  Zc,  6y-8 

.-.  ^"^-^    =    2-43. 

Hence,  from  the  formula  previously  deduced,  the  concentration  of 
the  H"   ions  in  the  potassium  chloride  solution  is 

0-000400 

T~        (4-83 -0-86)69-8    _    (4-70  +  O-86)67-9 

'^^^  "'  ¥53  9^53 

0-000400 
316     ' 

therefore  the  concentration  of  H'  ions  in  indicator  solution  of  dilution 

8^.^  0-000400 

Whence  hydrolysis  x   = 


316x2-43 

C'n   X    100 


Concentration    salt   in    gram-mols.    per   c.c, 
400   X   10-^'   X   84-4   X   10^  x   loO 


316  X   2-43 


=    4-39   per  cent. 


mi       !>       ,     1    1     •  ^  /-       95-6   X   8440  ,,  -,        -.^.o 

ihereiore  hydrolysis  constant  ii  =   ^ — — ^n =    -il-o    x    iv. 

•'        •'  [4-39]- -     - 

This  hydrolysis  constant  K  gives  us  the  number  of  times  that  the 
free  base  (in  this  case  aniline)  is  "stronger"  than    water,  that    is, 

A'   =     ^  ,  where  ICb  and    Kw   represent    the    affinity  constants    of 
Kw 

the  base  and  of  water  respectively.     Accepting  the  value  1-2  x  10"^* 

for  Kio  we  have  for  the  affinity  constant  of 

Aniline 12   x   lO"!-'  x     43-6x103  =  5-2   x   lO-'"! 

;>am-Toluidine...      12   x    10"!^   x   186     x  10^  =  2-2   x   lO"'-'  [at  25°. 
or^/(0-Toluidine..      1-2   x    lO"!^   x     29-6x103  =  3-5    x    lO-^" 
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The  corresponding  values  for  18°  are  : 

Kh. 

Aniline 7-4  x  IQ-io^ 

^xtra-Toluidine S'l  x  IQ-^   ^ 

oH7<o-Toluidine    5-5  x  lO-^oJ 


Thus  we  see  that  the  order  of  "  strength  "  of  these  bases  is  2^<^'>'<^- 
toluidine,  aniline,  o?-i/io-toluidine.  This  corresponds,  of  course,  to  the 
degree  of  hydrolysis  being  greatest  in  ori/io-toluidine  and  least  in 
/)ara-toluidine. 

A  glance  at  the  previous  table  shows  that  the  values  obtained  for 
the  hydrolysis  constant  K  are  fairly  concordant.  Absolute  constancy 
is,  of  course,  not  to  be  expected  when  one  bears  in  mind  the  number 
of  different  quantities  which  have  to  be  determined  before  the  degree 
of  iiydrolysis  x  can  be  calculated,  and  that  in  the  calculation  of  K 
there  occurs  the  term  x^.  Hence,  any  accumulated  error  in  the 
determination  of  x  becomes  m^^ltiplied  in  K,  and  it  therefore  says 
much  for  the  accuracy  of  the  method  and  for  the  correctness  of  the 
theory  that  a  "  constant  "  for  K  has  been  obtained  at  all.  It  is 
interesting  to  compare  the  present  method  with  others  which  have 
been  employed  for  the  measurement  of  hydrolysis.  It  need  scarcely 
be  noted  that  the  whole  difficulty  about  such  measurements  lies  in 
the  fact  that  the  determinations  of  concentrations  must  be  carried 
out  in  such  a  manner  that  the  state  of  equilibrium  between  the 
different  component  parts  of  the  system  is  not  altered.  In  such 
cases  as  we  have  considered,  the  problem  becomes  that  of  the 
measurement  of  the  free  acid  produced  by  the  hydrolysis.  The 
concentration  of  this  acid  is  so  small  that  it  must  be  pi^actically  all 
dissociated,  and  hence  any  method  of  measuring  the  concentration  of 
the  H'  ions  will  serve  our  purpose.  Methods  depending  upon  catalysis, 
such  as  the  '•  inver-ion  "  of  cane  sugar  or  the  catalysis  of  methyl  acetate, 
are  somewhat  unsuitable  for  the  determination  of  the  concentration 
of  H'  ions  in  systems  which  contain  a  complicated  equilibrium, 
because  we  know  that  these  methods  are  much  aifected  by  the  pi'esence 
of  even  simple  neutral  salts.  Moreover,  the  velocity  of  catalysis  is 
small,  and  so  mea.surements  of  small  degrees  of  hydrolysis  at  the 
ordinary  temperature  take  an  inordinate  time.*  Yet  it  is  just  the 
hydrolysis  data  for  the  ordinary  temperature  which  give  us  so  much 
useful  information.  The  best  method  for  the  measurement  of  acid 
hydrolysis,  as  regards  both  ease  of  manipulation  and  accuracy  of 
results  obtained,  is  that  suggested  by  Walker  and  Bredig.  This 
method  consists  in  the  measurement  of  the  electrical  conductivity  of, 

*  The  same  objections  cannot  be  raised  against  the  method  of  Shields,  which, 
however,  refers  to  (OH)  ions. 
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firstly,  the  hydrolysed  salt  solution,  and,  secondly,  of  the  same  solution 
with  the  addition  of  an  excess  of  the  base  contained  in  the  salt.  This 
addition  almost  completely  inhibits  the  hydi'olysis,  so  that  the  second 
reading  gives  the  true  electrical  conductivity  of  the  salt  in  question 
plus  a  negligible  amount  due  to  the  conductivity  of  the  weak  base  ;  the 
latter  being  in  the  presence  of  excess  of  its  ionised  salt,  and  therefore 
practically  undissociated.  Thus,  if  J/y  is  the  actually  observed  mole- 
cular conductivity  of  a  solution  of  aniline  hydrochloride,  J/y  is  made 
up  of  the  conductivity  of  (1  -  x)  mols.  of  aniline  hydrochloride  and 
X  mols.  of  free  hydrochloric  acid.  If  /x„  represents  the  true  molecular 
conductivity  of  aniline  hydrochloride  at  a  dilution  v  detei-mined  in  the 
presence  of  excess  of  aniline,  then  J/y  =  (l  -  a;)ju,y  +  ic/Agci  ^^ 

/^Hci  represents  the  molecular  conductivity  of  hydrochloric  acid  at  a 
dilution  which  is  practically  infinite  for  small  degrees  of  hydrolysis.  For 
the  value  of  /xhch  Bredig  took  383  at  25°,  probably  in  Siemens  units, 
which  means  0"406  in  ohm~^.  Taking  the  transport  number  of  chloiine 
in  hydrochloric  acid  as  0'17,  then  ^h  =  406  x  083  =  337  and  l^.l  = 
406xO'17  =  69.  It  is,  however,  probable  that  these  numbers  are 
rather  high  for  the  actual  ionic  conductivities  in  the  presence  of 
a  large  excess  of  aniline  hydrochloride.  This  is  practically  the  only 
uncertainty  of  the  method,  and  even  then  it  amounts  to  perhaps  not 
more  than  a  few  units  or  a  percentage  error  in  l^.  of  1 — 2  per  cent. 
By  this  method,  Bredig's  determinations  of  hydrolysis  "coustants" 
were  the  best  which  had  been  obtained  for  acid  hydrolysis  ;  in  fact, 
many  of  the  investigations  by  the  catalysis  methods  failed  to  give  any 
hydrolysis  ''  constant  "  at  all,  especially  where  the  degree  of  hydrolysis 
was  small. 

Bredig's  method  has,  however,  limitations  :  the  amount  of  the  free 
base  added  must  be  sufficient  to  inhibit  the  hydrolysis  sufficiently 
without  its  own  conductivity  becoming  appreciable.  This  is  not  always 
possible,  because  the  base  may  not  be  sufficiently  soluble  or  its 
conductivity  may  be  too  great  to  be  neglected.  The  present  method 
will  no  doubt  prove  useful  in  cases  whei'e  the  older  one  fails.  The 
principle  of  the  method  is  really  a  device  for  separating  the  H*  ions 
and  measuring  their  concentration  by  noting  the  increase  of  conduct- 
ivity caused  by  them.  Bredig's  method  consists  in  destroying  these 
same  H'  ions  and  measuring  their  concentration  by  the  consequent 
loss  in  conductivity.  Hence  the  two  methods,  although  starting  from 
quite  different  standpoints,  are  really  very  similar  in  the  end,  and 
both  require  for  the  calculation  the  value  of  the  ionic  conductivity  of 
the  K'  ions  at  their  concentration  in  the  experiment.     Seeing  that  the 
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degrees  of  hydrolysis  of  those  salts  measured  by  us  did  not  differ  very 
mu(  h,  it  was  assumed  that  the  concentrations  of  the  H'  ions  in  the 
different  experiments  were  sufficiently  nearly  equal  to  warrant  the 
assumption  of  a  constant  ionic  conductivity  for  the  H*  ion  throughout ; 
that  is,  of  course,  at  the  same  temperature.  The  values  taken  were 
313  at  18"  and  328  at  25°. 

The  constants  of  hydrolysis  K  for  the  hydrochlorides  of  aniline,  and 
0-  and  j9-toluidine  were  found  by  Bredig  to  have  the  values  at  25°  as 
follows  : 

j9-Toluidine Zx  103=132 

Aniline    Kv.  10^=    41 

o-Toluidine /iTxlOS^    29 

which  accord  very  well  with  the  values  found  by  us.  In  the  case  of 
aniline  and  o-toluidine,  the  values  of  K  found  by  the  two  methods  are 
so  near  that  the  apparent  difference  vanishes  when  one  works  out 
from  the  "constant"  the  actual  degrees  of  hydrolysis  corresponding 
to  any  given  concentration.  As  regards  jo-toluidine,  there  is,  it  is  true, 
a  somewhat  greater  difference  in  the  value  of  K  as  determined  by  the 
two  methods.  Bredig  gives  132  x  10^,  whereas  we  find  186  x  10^. 
Still  one  obtains  almost  the  same  percentage  hydrolysis  in  a  given  case 
whichever  "  constant "  be  taken.  For  instance,  for  l/32iV  [para- 
toluidine  hydrochloride),  Bredig's  constant  gives  for  the  degree  of 
hydioly.?is  1*55  per  cent.,  whereas  ours  yields  1 '33  per  cent.  It  must 
be  borne  in  mind  that  the  measurements  of  such  small  amounts  of 
hydrolysis  involves  a  considerable  percentage  experimental  error,  and, 
as  previou.>-ly  explained,  these  errors  are  largely  magnified  in  K. 

As  a   check   on   our  work,   we   have  applied  van't   Hoff's  formula 

-— log^=-i-.  to   our  values   for  K  at  the  two  temperatures.     As- 

CIJ.  JiJ. 

suming  that  q,  the  heat  evolved  by  the  "neutralisation"  of  a  gram- 
mol.  of  base  with  hydrochloric  acid,  remains  constant,  we  have,  on 
integration  : 

For  our  temperatures  18°  and  25°,  this  becomes  : 

2-301og^    =    -1(^J_  -  -L\ 
^K^r,.  2  V291  1^98/ 

whence  q  is  evaluated. 

Owing  to  a  somewhat  large  percentage  error  in  K  being  easily 
possible,  one  cannot  expect  too  good  an  agreement  of  the  value  of  q 
obtained  in  this  way  with  the  value  obtained  calorimetrically.  How- 
ever, as  is  seen  from  Table  II,  the  agreement  in  the  case  of  aniline 
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and  jo-toluidine  is  sufficiently  close,  which  proves  that  although  the 
absolute  values  of  the  hydrolysis  constants  at  the  two  temperatures 
may  be  slightly  inaccurate,  yet  their  ratio  must  have  very  nearly  the 
true  value. 

Enough  has  perhaps  been  said  to  substantiate  the  claims  of  the 
present  method  to  be  one  of  the  most  accurate  and  convenient  means 
of  determining  the  degree  of  hydrolysis  of  salts.  The  method  can, 
moreover,  be  extended  to  determine  the  concentration  of  given  ions  in 
complex  mixtures,  provided  that  these  ions  fulfil  the  conditions  on 
which  the  method  depends.  These  experiments  are  being  extended, 
and  it  is  hoped  to  measure  the  hydrolysis  of  many  salts  both  organic 
and  inorganic. 

Heriot-Watt  College, 
Edinburgh. 


CV^ — The   Soluhility  of   Triphenyhnethane   in    Organic 
Liquids  ivith  which  it  forms  Crystalline  Compomids. 

By   Harold    Hartley,    M.A.,    Fellow   of   Balliol   College,    and 
KoEL  Garrod  Thomas,  Brakenbury  Scholar,  Balliol  College. 

Kekule  and  Franchimont  {Ber.,  1872,  5,  967),  when  they  first 
prepared  triphenylmethane,  noticed  that  it  crystallised  from  benzene 
with  one  molecule  of  benzene  of  crystallisation,  and  Anschiitz 
{Annalen,  1886,  235,  208)  found  that  the  compound  lost  24-22  per 
cent,  of  its  weight  when  heated  to  100°,  the  theoretical  loss  for  a 
substance  of  formvila  CH(Ph)3*C^;Hg  being  25'36  per  cent. 

Liebermann  {Ber.,  1893,  26,  853)  crystallised  triphenylmethane 
from  thiophen  and  obtained  crystals  with  thiophen  of  crystallisation, 
which  was  rapidly  lost  on  standing.  The  crystals  lost  2 4  5 4  per 
cent,  of  their  weight  when  heated  to  100°,  the  theoi'etical  loss  for 
CH(Ph)3-04H4S  being  25-61  per  cent. 

Lehmann  {Zeit.  Kryst.  Min.,  1881,  5,  472),  who  studied  the  crystallis- 
ation of  triphenylmethane  from  aniline  microscopically,  stated  that  it 
crystallised  in  two  forms  belonging  to  the  rhombohedral  and  mono- 
clinic  systems,  which  diifer  in  the  amount  of  aniline  of  crystallisation, 
but  he  made  no  attempt  to  estimate  this  amount  in  either  case. 
Hintze  {Zeit.  Kryst.  Min.,  1884,  9,  545)  made  some  measurements  on 
"  weathered  "  crystals  from  benzene  solution  and  pointed  out  that  if 
the  crystals  containing  aniline  resembled  those  containing  benzene, 
Ijehmann's   two  forms  were   probably   identical,    their   difference   in 
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appearance  under  the  microscope  being  due  to  a  diiferent  development 
of  the  basal  plane. 

Linebarger  (Amer.  Cheni.  J.,  1893,  15,  45)  was  the  first  to  study 
the  solubility  of  triphenylmethane  in  benzene,  his  determinations 
being  made  by  the  oi-dinary  method.  As,  however,  he  heated  the 
triphenylmethane  to  200°  to  get  rid  of  the  last  traces  of  benzene,  and 
at  this  temperature  the  substance  itself  is  appreciably  volatile,  his 
results  were  necessarily  inaccurate  ;  they  differ  from  the  later  deter- 
minations of  Kuriloff  {Zeit.  physikal.  Chem.,  1897,  23,  547),  which 
agree  closely  with  those  found  by  the  authors,  using  a  slightly  modified 
form  of  his  method. 

The  first  object  of  the  present  work  was  to  determine  if  there  were 
any  other  solvents  which  form  crystalline  compounds  with  triphenyl- 
methane ;  only  pyrrole  was  found  to  do  so.  Solutions  in  mesitylene, 
0-,  m-,  and  p-xylene,  toluene,  pyridine,  piperidine,  nitrobenzene, 
chlorotoluene,  benzyl  alcohol,  quinoline,  bromobenzene,  chlorobenzene, 
methylbenzoate,  phenyl  acetate,  propyl  alcohol,  acetone,  chlox'oform, 
ethylene  dibromide,  alcohol,  and  ether  all  gave  orthorhombic  crystals 
of  pure  triphenylmethane. 

A  microscopic  study  has  been  made  of  the  crystals  contalining 
benzene,  thiophen,  pyrrole,  and  aniline  of  crystallisation,  all  of  which 
decompose  rapidly  on  being  removed  from  the  solution  in  which  they 
have  grown,  the  faces  becoming  dull  and  giving  vei*y  poor  reflections 
on  the  goniometer.  We  hope  soon  to  measure  them  while  growing  in 
a  solution  by  means  of  Prof.  Miers'  inverted  goniometer. 

The  solubility  of  triphenylmethane  in  the  four  liquids  above  men- 
tioned has  been  determined,  and,  for  purposes  of  comparison  with  a 
case  in  which  no  compound  with  the  solvent  existed,  a  set  of  deter- 
minations was  also  made  in  pyridine. 

Besides  the  solubility  determinations,  a  series  of  observations  was 
made  at  the  suggestion  of  Prof.  Miers  to  see  at  what  degree  of  super- 
saturation  solutions  of  triphenylmethane  would  crystallise  spon- 
taneously, after  they  had  been  completely  freed  from  crystal  nuclei. 
This  was  done  by  heating  them  considerably  above  the  temperature  at 
which  all  the  solid  in  contact  with  the  solution  had  dissolved,  and  then 
cooling  until  the  crystallisation  occurred.  Spontaneous  crystallisation 
in  such  a  case  has  been  found  to  occur  at  a  definite  temperature,  thus 
fixing  the  limit  of  the  "  metastable  state  "  in  which,  although  super- 
saturated, a  solution  cannot  crystallise  without  the  addition  of  a 
crystal  particle  (Ostwald,  Lehrhuch  der  Allgerneinen  Chemie,  2,  773). 
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Experimental. 

Preparation  of  Materials. 

The  triphenylmethane  used  was  prepired  by  the  ordinary  method 
from  Kahlbaum's  chloroform  and  benzene  with  freshly  made  aluminium 
chloride.  It  was  recrystallised  twice  from  benzene  and  at  least  twelve 
times  from  alcohol  until  it  gave  a  constant  m.  p.  of  93'2°  (corr.) ;  this 
is  slightly  higher  than  the  number  given  by  Kuriloff  (92°).  The 
solvents  used  were  all  obtained  from  Kahlbaum  or  Merck,  and  care- 
fully I'edis tilled  just  before  use. 

Method  of  Determining  the  Solubility. 

The  ordinary  methods  for  detei'mining  solubilities  being  difficult  to 
use  owing  (1)  to  the  volatility  of  benzene,  thiophen,  and  pyrrole  ; 
(2)  to  the  difficulty  of  estimating  the  relative  amounts  of  aniline  and 
triphenylmethane  in  a  mixture  of  the  two,  and  (3)  to  the  small 
amounts  of  substance  available,  we  resorted  to  a  modification  of  the 
method  used  by  Kuriloii  (Joe.  cit.). 

The  latter  heated  sealed  tubes  containing  known  quantities  of 
triphenylmethane  and  benzene  in  a  water-bath  with  constant  shaking 
until  the  last  crystals  just  dissolved.  In  this  way  the  temperature  of 
saturation  was  found  for  solutions  of  known  composition.  It  is 
rather  hard  to  say  when  the  last  crystals  disappear,  as  they  dissolve 
very  slowly  in  a  solution  which  is  nearly  saturated.  "When,  on  the 
other  hand,  we  contrived  by  successive  cooling  and  warming  that  there 
should  be  in  the  tube  only  one  or  two  small  crystals  at  a  temperature 
near  that  of  saturation,  it  was  easy,  by  watching  the  small  crystals  with 
a  lens  while  the  temperature  of  the  bath  was  varied,  to  find  two  tempera- 
tures differing  by  0'4°  to  0'5°,  at  the  lower  of  which  the  crystals  were 
growing  with  sharp  edges,  whilst  at  the  higher  temperature  the  rounded 
edges  and  faces  showed  that  they  were  dissolving.  The  mean  of  these 
two  temperatures  may  be  taken  as  the  temperature  of  saturation  with- 
out introducing  a  large  error.  The  results  obtained  in  successive  deter- 
minations are  quite  concordant  and  the  method  has  several  advantages, 
as  it  is  quick,  requires  very  little  substance,  and  may  be  used  for  any 
volatile  solvent ;  the  fact  that  it  necessitates  the  close  study  of  the 
crystals  with  which  the  solution  is  in  equilibrium  leaves  no  ambiguity 
as  to  their  nature.  The  most  useful  form  of  tube  was  made  by  blowing 
a  bulb  at  one  end  of  a  short  piece  of  quill  tubing  and  making  a  small 
constriction  in  the  middle.  After  careful  drying  the  tube  is  weighed, 
some  of  the  solid  is  introduced,  and  it  is  weighed  again;  then  the  required 
quantity  of  liquid  is  added  from  a  small  pipette,  and,  after  a  third 
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weighing,  the  tube  is  sealed  at  the  constriction.  The  open  end  is 
closed  by  a  small  cap  during  the  weighing  and  sealing  to  avoid  loss 
by  evaporation,  and  contact  with  the  hand  is  carefully  avoided  for  the 
same  reason.  The  tubes  were  heated  in  a  large  beaker  of  water, 
jacketed  with  felt,  and  stirred  by  means  of  a  hot  air  engine.  By  ad- 
justing the  size  of  the  Bunsen  flame,  the  temperature  of  the  water 
could  be  kept  constant  for  as  long  as  was  necessary. 

In  order  to  determine  the  temperature  of  spontaneous  crystallisa- 
tion, the  tube  is  heated  in  a  large  beaker  of  water  at  10°  above  the 
saturation  temperature  to  destroy  all  traces  of  crystal  nuclei,  and  it  is 
then  allowed  to  cool  slowly  with  constant  shaking  until  crystals 
appear. 

The  spontaneous  production  of  crystals  never  occurs  until  a  tem- 
perature is  reached  at  which  the  solution  is  considerably  super- 
saturated, and  then  many  small  crystals  suddenly  make  their  ap- 
pearance. At  least  two  determinations  were  made  with  each  tube  ; 
as  a  rule  they  agreed  within  1°,  which  was  fairly  satisfactory  con- 
sidering the  nature  of  the  phenomenon,  and  the  extent  to  which  it 
would  be  influenced  by  such  factors  as  the  rate  of  cooling.  The  time 
taken  for  cooling  in  most  of  the  experiments  was  between  half  an  hour 
and  an  hour.  A  curve  may  be  plotted  from  the  results  showing  the 
concentration  at  which  the  spontaneous  ci-ystallisation  of  a  solution  at 
any  given  temperature  occurs.  In  the  region  between  the  solubility 
curve  and  this  second  curve,  for  which  Prof.  Miers  has  suggested  the 
name  "  supersolubility  curve,"  supersaturated  solutions  can  exist 
without  crystallising  until  a  crystal  nucleus  is  introduced. 

Triphenyhnethane  and  Benzene, 

The  results  of  the  determination  of  solubility  and  of  the  tempera- 
ture at  which  spontaneous  crystallisation  takes  place  are  given  in  the 
table  on  p.  1017,  and  are  shown  graphically  in  Fig.  1  (p.  1018),  where  the 
ordinates  represent  molecular  percentages  and  the  abscissae  tempera- 
tures. 

The  solubility  curve  consists  of  two  parts,  of  which  AB  represents 
the  solubility  of  triphenylmethane  in  benzene,  and  BCD  the  solubility 
of  the  compound  CII(Ph)3*CgIIg,  G  being  its  melting  point,  which  is 
depressed  by  the  addition  of  benzene  or  of  triphenylmethane.  The 
point  in  which  the  two  cut  (5)  is  a  eutectic  point  for  the  compound 
and  pure  triphenylmethane.  The  large  curvature  of  the  retroflex  por- 
tions of  the  lower  curve  indicates  that  the  compound  is  almost  entirely 
dissociated  in  the  solution  (Stortenbecker,  Zeit.  physikal  Chem.,  1892, 
10,  194).  It  will  be  seen  that  the  "  supersolubility  curve '*  also  con- 
sists of  two  parts  which  run,  roughly  speaking,  parallel  to  the  two 
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Solubility  of  Triphenylmethane  in  Benzene. 
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parts  of  the  solubility  curve.  The  range  of  the  "metastable  region  " 
is  about  20°  for  solutions  which  deposit  crystals  of  pure  triphenyl- 
methane and  about  7°  for  those  ■which  deposit  crystals  containing 
benzene  of  crystallisation.  Thus,  for  the  formation  of  cry.stals  of 
the  compound,  a  smaller  degree  of  supersaturation  is  needed  than  is 
the  case  with  the  pure  substance  ;  in  consequence  of  this,  solutions 
containing  from  70 — 80  mols.  per  cent,  of  triphenylmethane,  which  are 
normally  in  equilibrium  with  crystals  of  the  pure  substance,  if  freed 
from  crystal  nuclei  and  cooled,  deposit  crystals  of  the  compound  while 
still  within  the  metastable  region  of  the  pure  substance.  For  instance, 
a  solution  containing  75  mols.  per  cent,  of  triphenylmethane,  when  cooled 
to  63°,  deposits  rhombohedral  crystals  of  the  compound,  and  these 
have  the  property  of  starting  the  crystallisation  of  orthorhombic 
needles  of  triphenylmethane  when  placed  in  solutions  which  are  in  the 
metastable  condition  as  regards  the  latter  substance.  The  ortho- 
rhombic  needles  grow  on  the  rhombohedra,  so  that  the  vertical  axes  of 
both  are  parallel  as  in  Fig.  2.  The  edges  of  the  needles  are  usually 
curved  owing  to  the  I'apidity  of  their  growth  in  its  initial  stages. 
The  second  crystallisation  takes  place  very  rapidly  after  the  first,  and 
the  sequence  is  sometimes  rather  hard  to  observe.  It  will  be  seen 
that  in  the  cases  where  this  occurs  (marked  RN  on  the  table  and 
indicated  on  the  diagram  by  0)  the  temperatures  of  crystallisation 
lie  on  the  continuation  of  the  curve  which  represents  the  limit  of 
supersaturation  for  the  compound. 
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The  Compound  of  Triphenylmethane  and  Benzene. 

The    composition    of    this    body   was    shown    by    Anschiitz    to    be 
CH(Ph)3-C6Hg.     Hintze  measured  some  of  the  "  weathered  "  crystals 


Fig.  I.— Solubility  and  supcrsoluUlity  mrvcs  of  triphenylmethane  in  benzene. 


Solubility  curve. 
Supersolubility  curve. 


100° 


+   Crystallised  in  needles,  CHPhg. 

O  ,,  rhombs,  CHPhg.CgHe. 

®  , ,  needles  preceded  by  rhombs. 


which  had  lost  their  benzene  of  crystallisation  and  found  them  to  be 
rhombohedra  with  a  rhombohedral  angle  110°13'  and  a  :c=  1-5565. 
We  have  studied  a  large  number  of  crystallisations  under  the  micro- 
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scope;  the  most  frequent  habits  of  the  crystals  are  (1)  a  simple 
rhombohedron,  (2)  a  combination  of  rhombohedron  and  small  basal 
plane  (Fig.  3),  (3)  a  combination  of  rhombohedron  and  basal  plane 
equally  developed  (Fig,  4),  and  (4)  the  same  combination  with  the 
basal  plane  predominating  (Fig.  5). 

The  crystals  have  a  high  refractive  index  and  are  strongly  bire- 
fringent.  Viewed  in  convergent  light  in  a  direction  perpendicular  to 
the  basal  plane,  they  show  a  viaiaxial  interference  figure  of  negative 
character,  which  confirms  the  other  evidence  as  to  their  symmetry.  No 
distinct  etching  figures  could  be  obtained  on  the  rhombohedron  faces, 


Fig.  2. 


Fig.  3. 


Fig.  4. 


Fig.  6. 


but  in  the  initial  stage  of  solution  the  basal  plane  was  pitted  by  small 
triangular  depressions  arranged  unsymmetrically  with  respect  to  its 
edges  as  shown  in  Fig.  6.  The  crystals  thus  possess  an  axis  of 
threefold  symmetry,  but  no  plane  of  symmetry.  There  is  no  evidence 
of  hemimorphism,  as  both  ends  of  the  crystals  are  equally  developed, 
and  behave  in  the  same  way  in  starting  the  crystallisation  of  ortho- 
rhombic  needles  of  triphenylmethane  as  mentioned  above.  The  latter 
crystals  are  hemimorphic,  and  the  two  ends  grow  at  very  different 
speeds,  but  when  their  crystallisation  is  started  by  a  rhombohedral 
crystal  of  the  compound,  they  grow  outwards  from  both  apices  of  the 
rhombohedron  with  faster-growing  ends  directed  outwards  from  the 
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crystal  in  each  case,  showing  that  there  is  no  difference  between  the 
faces  (111)  and  (TIT). 

The  crystals  of  the  compound  thus  possess  an  axis  of  threefold 
symmetry  and  a  centre  of  symmetry,  and  belong  to  the  dioptase  class. 

A  number  of  measurements  of  the  angle  between  the  two  edges  of 
a  rhombohedron  face  showed  that  this  is  approximately  60° ;  the 
rhombohedron  angle  (100)  :  (010)  calculated  from  this  value  is  109°28', 
which  differs  slightly  from  Hintze's  measurement  on  a  "weathered" 
crystal  (110°13').  In  a  rhombohedral  crystal  with  the  angle 
(100)  :  (010)  =  109°28',  both  the  angles  (100) :  (111)  and  (100)  :  (010) 
have  the  value  70°32'  (the  octahedron  angle),  so  that  a  crystal  with 
the  forms  {111}  and  {100}  equally  developed  is  indistinguishable 
geometrically  from  a  regular  octahedron. 

The  effect  of  this  curious  symmetry  of  angle  is  seen  in  the  present 
case  in  the  form  of  the  interpenetrant  twins  and  triplets  which  fre- 
quently occur.  The  crystals  twin  about  an  axis  which  is  parallel  to  a 
rhombohedron  edge,  giving  rise  to  interpenetrant  twins  of  the  form 
seen  in  Fig.  7,  where  the  shading  indicates  the  relative  positions 
of  the  two  individuals  and  the  extent  to  which  they  overlap.  The 
letters  r  c,  r"  c"  show  which  faces  belong  to  each  individual.  The 
extinction  directions  of  the  two  parts  of  the  twin  make  an  angle  of 
60°  with  one  another,  and,  as  would  be  expected,  no  re-entrant  angle 
is  visible  under  the  microscope  whei-e  the  faces  of  the  two  individuals 
meet. 

Still  more  frequent  is  the  formation  of  triplets  where  the  three 
individuals  interpenetrate  regularly,  as  in  Fig.  8  ;  sometimes  the  basal 
planes  {111}  are  developed  sufficiently  to  give  rise  to  the  form  shown 
in  Fig.  9.  In  this  case  the  crystal  appears  at  first  sight  to  be  a  simple 
combination  of  the  forms  {111}  and  {100},  as  in  Fig.  5,  but  optical 
examination  shows  that  the  apparent  basal  plane  is  composed  of  the 
rhombohedral  faces  of  three  individuals,  as  is  evident  from  the  inter- 
ference figures  seen  through  the  six  sections  of  the  face,  which  are 
shown  in  Fig.  9.  The  six  small  faces  bounding  the  hexagonal  plane 
are  the  basal  planes  of  the  three  individuals.  Here,  again,  the  regular 
formation  without  visible  re-entrant  angles  shows  that  the  rhombo- 
hedron angle  of  the  single  crystals  must  be  approximately  109°28'. 
Figs.  7,  8,  and  9  are  plans  representing  the  cxystals  just  as  they  are 
seen  through  a  microscope. 

When  simple  crystals  of  the  type  represented  in  Fig.  5  start  to  grow 
in  sti'ongly  supersaturated  solutions,  they  give  rise  to  skeletal  forms 
in  accordance  with  Lehmann's  theory  that  the  latter  are  due  to  a 
difference  in  the  rate  of  supply  of  material  for  crystallisation  at 
different  points  of  a  growing  crystal.  Suppose  that  a  crystal  is 
^growing  with  its  basal  plaije  resting  on  the  microscope  slide,  it^grows 
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laterally  by  the  deposition  of  substance  on  the  six  rhombohedron 
faces.  Now,  of  the  six  rhombohedron  faces,  three  have  the  edge  which 
extends  furthest  into  the  solution  practically  in  contact  with  the 
glass,  and  three  have  the  corresponding  edge  in  the  middle  of  the  drop 
of  solution.  The  latter  must  therefore  receive  a  more  rapid  supply 
of  the  excess  of  dissolved  substance,  and  will  grow  faster,  and  these 
three  faces,  having  once  pushed  themselves  further  into  the  solution 


Fig.  9. 


than  the  rest,  will  intercept  much  of  the  material  which  would  other- 
wise go  towards  increasing  the  remaining  faces.  The  three  arms  which 
are  terminated  by  the  faces  (TOO),  (010),  and  (OOT)  grow  outwards 
until  the  excess  of  supersaturation  is  removed,  and  then  the  crystal 
adjusts  itself  to  the  condition  of  normal  equilibrium  between  a  crystal 
and  its  solution,  so  that  finally  the  gaps  are  filled  up  and  a  regular 
crystal  is  formed. 
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Triphenylmeihane  and  Tliiophen. 

The  determinations  were  exactly  the  same  as  for  benzene,  and  the 
results  are  given  in  the  following  table  and  figui'e  : 


Solubility  of  Triphenylmeihane  in  Thiophen. 


Molecular 


Percent- 

percent- 

Gram of 

Gram 

age  of 

age  of 

Saturation 

Form 

Limit  of 

Form 

triphenyl- 

of 

triphenyl- 

triphenyl 

tem- 

of 

metastable 

of 

methane. 

thiophen. 

methane. 

methane. 

perature. 

crystals. 

region,      crystals 

0-5223 

0 

0205 

96-2 

89-9 

87-2° 

N 

— 

— 

0-4410 

0 

0472 

90-3 

76-3 

79-0 

N 

— 

— 

0-7203 

0 

1038 

87-4 

70-5 

74-2 

N 

53-1°,  52-6° 

N 

0-5260 

0 

1145 

82-1 

61-3 

67-2 

N 

49-4  ,  49-4 

RN 

0-4553 

0 

1008 

81-9 

60-8 

67-0 

N 

50-0  ,  49-6 

RN 

0-3725 

0 

1008 

78-7 

56-0 

62 -7 

N 

51-0,  51-0 

RN 

0-3827 

0 

1288 

74-8 

50-6 

57-6 

R 

51-5  ,  51-2 

R 

0-4014 

0 

1701 

70-2 

44-7 

57-4 

R 

51-6,  51-3 

R 

0-6469 

0 

4539 

58-7 

32  9 

53-5 

R 

47-5,  47-5 

R 

0-4771 

0 

5087 

48-4 

24-4 

47-6 

R 

40-7  ,  40-3 

R 

0-1148 

0 

1482 

43-6 

21-1 

44-0 

R 

— 

— 

0-3353 

0 

7411 

31-1 

13-5 

33-5 

R 

25-5  ,  25-4 

R 

0-2733 

0 

7768 

26-0 

10-8 

25-7 

R 

— 

— 

N  denotes  monoclinic  needles  (CHPhg). 
R        ,,       rhombs  (CHPh3-C4H4S). 


The  curves  in  this  case  are  of  much  the  same  form  as  with  benzene, 
except  that  the  solubility  curve  for  the  pure  substance  cats  the  curve 
for  the  compound  much  nearer  to  the  melting  point,  the  thiophen 
compound  thus  having  a  smaller  range  of  existence  than  that  with 
benzene.  The  range  of  the  " metastable  region"  is  almost  the  same 
as  in  the  case  of  benzene  solutions. 


The  Compound  of  Triphenylmeihane  and  Thiophen. 

Liebermann's  analysis  showed  that  it  had  the  composition 
CHPhg- C4H4S ; 
in  crystalline  form,  it  is  exactly  analogous  to  the  benzene  compound, 
its  crystals  appearing  under  the  microscope  of  exactly  the  same  form 
and  habit,  with  the  same  twin  law  and  similar  optical  properties,  so 
that  so  far  as  microscopic  evidence  is  of  value  they  seem  to  be 
isomorphous.  The  crystals  decomposed  too  rapidly  to  admit  of  gonio- 
metric  measurement.     The  formation  of  hexagonal-shaped  triplets  in 
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which  no  re-entrant  angles  are  visible  shows  that,  as  is  the  case  with 
benzene,  the  angle  between  the  rhombohedral  edges  must  be  approxi- 
mately 60°,  and  the  rhombohedron  angle  109°28'. 


Fig.  10. — Sohibility  and  supersoluhility  curves  of  tripJienylmetJume  in  thiophen. 
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+  Crystallised  in  needles,  CHPhg. 

O  ,,  rhombs,  CHPh3,C4H4S. 

ffi  ,,  needles  preceded  by  rhombs. 


Triphenylmethane  and  Pyrrole. 

The  results  of  the  solubility  and  supersolubility  determinations  are 
given  in  the  following  table  and  figure  : 
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Solubility  of  Triphenylmethane  in  Pyrrole. 


Molecular 

Percent- 

perceut- 

Gram  of 

Gram 

age  of 

age  of   Saturation 

Form 

Limit  of 

Form 

triplienyl- 

of 

ti'iphenyl- 

triphenyl- 

tem- 

of 

metastable 

of 

methane. 

p}'rrole. 

methane. 

methane. 

perature. 

crystals. 

region,      crystals 

0-6765 

0-0166 

97-6 

91-8 

89-2° 

N 

69-7°,  66-2° 

N 

0-7583 

0-0337 

95-7 

86-1 

86-2 

N 

64-6  ,  64-1 

N 

0-7528 

0-0698 

91-5 

74-8 

80-1 

N 

59-0,  56-9 

N 

0-4802 

0-0887 

84-4 

59-8 

71-1 

N 

51-2,  50-2 

N 

0-5041 

01116 

81-9 

55-6 

68-5 

N 

47-5,  42-5 

N 

0-7695 

0-2040 

79-0 

50-9 

65  6 

N 

41-5  ,  40  2 

N 

0-5570 

0-1696 

76-7 

47-4 

63-9 

N 

38-0  ,  36-5 

N 

0-6087 

0-2279 

72-8 

42-3 

60-8 

N 

35-6  ,  35-4 

N 

0-4158 

0-1592 

72-3 

41-8 

60-0 

N 

36-1  ,  35-4 

N 

0-6013 

0-3391 

63-9 

32-8 

53-2 

N 

35-3,  31-2 

RN 

0-4487 

0-3520 

56-0 

25-9 

46-9 

N 

34-4  ,  34-3 

RN 

0-3318 

0-3442 

49-1 

20-9 

42-7 

N 

29-8,  29-7 

RN 

0-3552 

0-5192 

40-6 

15-8 

36-8 

N 

— 

— 

0-2021 

0-40-25 

33-4 

12-1 

31-5 

R 

— 

- 

0-2367 

0-5585 

29-8 

10-4 

29  0 

R 

— 

_ 

0-2272 

0-7062 

24-3 

8-1 

•24-6 

R 

— 

— 

N  denotes  monoclinic  needles  (CHPI13). 
R        „       rhombs  (CHPha'C^H^NH). 


In  this  case  the  range  of  existence  of  the  compound  is  still  further 
restricted,  its  solubility  curve  being  cut  by  that  for  the  pure  substance 
at  about  33°.  The  break  in  the  curve  is  very  slight,  but  a  determina- 
tion at  31°  showed  that  rhombs  were  on  the  more  stable  form  at  that 
temperature,  since  needles  of  the  pure  substance  dissolved  while  the 
rhombs  grew,  whilst  at  36°  the  converse  took  place,  showing  that  the 
needle-shaped  crystals  of  the  pure  substance  were  the  more  stable  form. 

In  this  case,  the  different  extent  of  the  "  metastable  region  "  for 
the  two  kinds  of  crystals  is  very  well  marked,  for  so  soon  as  the  limit 
for  the  more  readily-formed  rhombohedra  is  reached  the  curve  falls 
almost  vertically  for  a  distance  corresponding  to  15°.  In  the  crystal- 
lisations along  this  part  of  the  curve,  rhombohedra  appear  first  in 
every  case,  and  these  serve  as  nuclei  for  the  regular  growth  of  crystals 
of  pure  triphenylmethane. 


The  Compound  of  TriiyJienyhnethane  and  Pyrrole. 

This  substance  had  not  been  noticed  previously,  so  two  determina- 
tions of  its  composition  were  made  by  heating  a  known  weight  to 
100°,  with  the  following  results  : 


0-1861  gram  of  the  crystals  lost  0-03J 
spending  to  20-86  per  cent,  pyrrole. 


gram   on  heating,  corre- 
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0*1762  gram  of  the  crystals  lost  0"0349  gram   on   heating,  corre- 
sponding to  19  per  cent,  pyrrole. 

CHPhg'C^H^NH  requires  a  loss  of  21-29  per  cent. 


Fig.  11. — Soluhility  and  super soluhilUy  curves  of  trijjhcnyhnd'hane  in  2}yTrole. 
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+  Crystallised  in  needles,  CHPhs. 

O  ,,  rhombs,  CHPh3,C4H4NH. 

®  ,,  needles  preceded  by  rhombs 


Hence  the  composition  is  similar  to  that  of  the  benzene  and 
thiophen  compounds.  The  cry^tals  lose  pyrrole  rapidly  in  the  air,  so 
that  the  low  results  are  easily  understood.  The  crystals  show  all  the 
same  propeities  as  those  of  the  two  former  compounds,  and  seem  to 
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be  isomorphous  with  them.  The  tendency  towards  twinning  is  even 
greater  in  this  case,  and  twinned  crystals  usually  predominate  over 
the  simple  rhomb.  The  fact  that  the  rhombs  can  start  the  deposition 
of  orthorhombic  needles  of  triphenylmethane  which  grow  on  them,  so 
that  the  vertical  axes  of  both  crystals  are  parallel,  was  first  noticed 
with  the  pyrrole  compound,  as  owing  to  the  small  region  of  stability 
of  the  rhombs  it  occurs  much  more  often  than  with  the  other  com- 
pounds. 

Triphenylmethane  and  Aniline. 

Soluhility  of  Triphenylmethane  in  Aniline. 

Molecular 


Percent- 

percent- 

Gram of 

Gram 

age  of 

age  of 

Saturation 

Form 

Limit  of 

Form 

tiipheiiyl- 

of 

triphenyl- 

triphenyl 

•     tem- 

of 

metastable 

of 

methane. 

aniline. 

methane. 

methane. 

perature. 

crystals. 

region,      crystals 

05157 

0 

0211 

96-1 

90-2 

87-3° 

N 

69-1° 

68-7" 

N 

0-5024 

0 

0452 

91-7 

80-9 

82-1 

N 

65-6 

64-2 

N 

0-5285 

0 

0942 

84-9 

68-2 

74-3 

N 

61-1 

59-3 

RN 

0-4S86 

0 

1067 

82-1 

63-5 

71-6 

N 

60-7 

60-4 

RN 

0-4869 

0 

1348 

78-3 

57-9 

70-6 

R 

62-4 

62-2 

R 

0-3750 

0 

1166 

76-3 

55-1 

71-2 

R 

62-6 

62-4 

R 

0-3664 

0 

1446 

71-7 

49-1 

71-6 

R 

62-4 

62-2 

R 

0-3327 

0 

1572 

67-9 

44-6 

71-3 

R 

63-6 

63-1 

R 

0-2473 

0 

1358 

64-6 

40-9 

70-1 

R 

62-4 

61-2 

R 

0-6066 

0 

5011 

54-8 

31-6 

68-7 

R 

61-4 

61-1 

R 

0-2020 

0 

2258 

47-2 

25-4 

66-0 

R 

59-8 

59-0 

R 

0-2100 

0 

3651 

36-5 

17-8 

61-4 

R 

55-2 

53-7 

R 

0-1590 

0 

5665 

21-9 

9-7 

52-1 

R 

45-2 

44-9 

R 

0-1465 

0 

9404 

13-5 

5-6 

43-0 

R 

35-5 

35  0 

R 

0  0451 

0 

4312 

9-5 

3-8 

35-3 

R 

- 

— 

00463 

0 

8061 

5-4 

1-85 

23-0 

R 

- 

— 

N  denotes  monoclinic  needles  (CHPhg). 
R        „       rhombs  (CHPha-CeHjNHa). 

The  solubility  and  supersolubility  curves  are  very  similar  to  those 
for  benzene ;  the  shape  of  the  former  cut  ve  indicates  that  the  crystal- 
line compound  with  the  solvent,  as  in  the  case  of  benzene,  is  almost 
entirely  dissociated  in  the  solution. 


The  Compound  of  Triphenylmethane  and  Aniline. 

The  composition  of  this  body  was  determined  by  weighing  out  a 
small  quantity  into  a  small  flask  with  a  rubber  cork,  through  which 
passed  a  small  tap  funnel,  a  tube  from  a  carbon  dioxide  apparatus, 
and  another  tube  leading  to  a  nitrometer  filled  with  strong  potash. 
Some  dilute  sulphuric  acid  was  placed  in  the  fiask,  and  then  all  the 
air  was  driven  out  by  a  current  of  carbon  dioxide ;  a  small  excess  of 
potassium  nitrite  solution  was  then  added  through  the  tap  funnel  and 
the  temperature  of  the  flask  raised  slowly  to  100°,  when  the  liquid  in 
it  was  boiled  for  ten  minutes.     All  the  evolved  gases  were  then  driven 
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into  the  nitrometer  by  means  of  a  current  of  carbon  dioxide.  Any 
traces  of  nitric  oxide  were  oxidised  by  adding  a  little  oxygen,  the 
excess  being  absorbed  with  pyrogallate. 

0-5S56  gave  43-6  c.c.  nitrogen  at  19°  and  759-3  mm.     N  =  4-38. 
0-6926     „     47-7  c.c.  „  20°  and  756  mm.        N  =  4-06. 

CHPhg-CgH^NHg  requires  N  =  4-19  per  cent. 


Fig.  12. — SoliihilUifand  snpcrsoluMUty  curves  of  triphcnylmctlianc  in  aniline. 
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+  Crystallised  in  needles,  CHPhs. 

O  ,,  rhombs,  CHPh3,CsH5NH2. 

©  ,,  needles  preceded  by  rhombs. 


The  substance  is  thus  composed  of  molecular  proportions  of  the  two 
constituents  as  in  the  three  previous  cases ;  in  crystalline  form  and 
habit,  in  twin  formation,  the  property  of  causing  the  regular  growth 
of  orthorhombic  cry.stals  of  triphenylmethane,  and  in  optical  propertie.", 
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it  is  practically  ideDtical  with  them.  No  evidence  was  found  for  the 
existence  of  the  two  modifications  described  by  Lehmann,  and  it  is 
quite  clear  from  Lehmann's  drawings  that  these  two  supposed  forms 
are,  as  Hintze  suggested,  different  habits  of  the  same  crystals. 

T'riphenylmtilmne  and  Pyridine. 
Solubility  of  Triphenylmethatie  in  Pyridine. 


Moleculai 

Percent- 

percent- 

Gram of 

Gram 

acfe  of 

age  of 

Saturation 

Form 

Limit  of 

Form 

triphenyl- 

of 

triphenyl- 

triphenyl- 

tem- 

of 

metastable 

of 

methane. 

pyridine. 

methane. 

methaue. 

perature. 

crystals. 

region. 

crystals 

0-6799 

0-0300 

95-8 

88-1 

86-8" 

N 

— 

— 

0-5907 

0-0550 

91-5 

77-2 

80-6 

N 

— 

— 

0-5480 

0-0915 

85-7 

66-4 

72-8 

N 

— 

— 

0-4610 

0-1017 

81-9 

59-7 

67-8 

N 

46-5^  44-7° 

N 

0-5132 

0-1656 

75-6 

50-3 

59-3 

N 

38-1  ,  37-7 

N 

0-5014 

0-2138 

70-1 

43-5 

53-1 

N 

28-9,  28-9 

N 

0-4457 

0-2237 

66-6 

39-5 

48-7 

X 

24-1  ,  24-0 

N 

0-3800 

0-2800 

57-6 

30-7 

37-9 

N 

— 

— 

0-3332 

0-2918 

53-3 

27-2 

31-7 

N 

— 

— 

0-2139 

0-2486 

46-2 

22-0 

22-8 

N 

— 

— 

In  this  case  no  compound  is  formed,  and  the  solubility  curve  shows 
no  break.  Only  a  few  determinations  of  the  limit  of  the  "  metastable 
region  "  could  be  made,  as  at  temperatures  above  70°  the  contents  of 
the  tubes  became  yellow  owing  to  the  presence  of  some  decomposition 
product  which  seemed  to  disturb  the  normal  course  of  crystallisation, 
for  on  cooling  crystals  did  not,  as  in  the  other  tubes,  appear  in  the 
body  of  the  liquid,  but  at  some  point  on  the  glass. 

The  Spontaneous  Crystallisation  of  Supersaturated  Solutions. 

Ostwald's  classification  of  supersaturated  solutions  as  "  metastable  " 
and  "  labile,"  according  as  they  have  or  have  not  the  property  of 
spontaneous  ci^ystallisation,  has  been  criticised  by  de  Coppet  {Bull. 
Soc.  chim.,  1901,  25,  388),  who  contends  that  there  is  no  real  distinc- 
tion between  the  two  classes.  Arguing  from  a  molecular  theory 
of  solution,  de  Coppet  points  out  that  crystallisation  is  produced 
by  some  particular  concurrence  of  the  solute  molecules,  which  must 
happen  sooner  or  later  in  any  supersaturated  solution,  however  small  may 
be  the  degree  of  supersaturation.  The  probability  that  crystallisation 
will  take  place  within  a  given  time  is  obviously  greater  in  a  more 
concentrated  solution,  and  de  Coppet  attributes  the  apparent  difference 
between  metastable  and  labile  solutions  to  the  different  time  required 
for  crystallisation  in  the  two  cases.  He  has  studied  [Bull.  Soc.  chim., 
1872,  17,  146,  and  loc.  cit.)  the  crystallisation  of  sodium  sulphate  by 
allowing  sealed  tubes  containing  a  solution   to   cool  until  they  were 
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supersaturated  and  deposited  crystals,  but  his  experiments  were  not 
made  over  a  sufficient  range  of  concentration  or  under  sufficiently- 
definite  conditions  to  give  him  a  decisive  result.  They  distinctly 
indicate,  however,  the  existence  of  a  "  metastable  limit,"  as  crystals  of 
Na2S04,7H20  never  appeared  in  the  solution  until  12"  below  the 
saturation  temperature.  De  Coppet  does  not  admit  that  his  results 
bear  this  interpretation,  as  in  many  instances  tubes  with   the   same 


Fig.  13.—  Solubilittj  and  supersoluhiUty  curves  of  triiJliniyhndhane  in  pyridine. 
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concentration  crystallised  at  different  temperatures,  and  the  same 
tube  in  successive  experiments  gave  very  different  results.  This  is 
not  surprising,  since  de  Coppet  allowed  his  tubes  to  cool  without 
shaking,  and  in  a  solution  that  is  left  undisturbed  crystallisation  may 
be  deferred  to  an  irregular,  and  at  present  unexplained,  extent; 
vigorous  shaking  seems  to  be  the  surest  way  to  make  a  solution 
crystallise  as  soon  as  it  is  capable  of  doing  so. 
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The  experiments  of  Miers  and  Miss  Isaacs  (Trans.,  1906,  89,  413) 
and  those  described  in  the  present  paper  definitely  prove  the  existence 
of  a  "  metastable  limit  "  in  the  case  of  solutions  both  in  water  and 
organic  liquids.  It  is  represented  by  the  supersolubility  curve,  which 
gives  the  temperature  at  which  solutions  of  different  concentration 
crystallise  spontaneously  when  cooled  with  constant  shaking,  that  is, 
the  temperature  at  which  they  pass  from  the  metastable  to  the  labile 
condition.  This  curve  is  always  found  to  run  approximately  parallel 
to  the  solubility  curve,  at  a  distance  from  it  depending  on  the  re- 
spective solute  and  solvent.  No  instance  was  found  in  the  large 
number  of  experiments  made  to  determine  these  curves  in  which 
a  solution  freed  from  crystalline  nuclei  by  previous  heating  crystal- 
lised when  in  the  metastable  region  :  so  that  it  would  seem  that  the 
difference  between  the  two  kinds  of  solutions  is  something  more  than 
one  of  degree. 

Ostwald  is  inclined  to  be  sceptical  of  kinetic  theories  of  solution 
and  crystallisation,  and  looks  to  the  phenomena  of  surface  energy  for 
an  explanation  of  these  questions.  The  kinetic  theory  of  crystallisa- 
tion has,  however,  so  many  advantages  as  a  guide  in  experimental 
work  that  it  is  as  well  to  see  if  it  cannot  throw  some  light  on  the 
facts  observed.  Ostwald's  criticism  of  it  is  based  mainly  on  some 
observations  of  de  Boisbaudran  and  of  Gernez  on  the  "inertia"  of 
crystal  faces  towards  small  changes  of  concentration,  and  on  some 
observations  respecting  the  effect  of  crystals  on  supersaturated 
solutions  of  salts  isomorphous  with  them.  It  mvist  be  noticed  that  all 
these  were  merely  qualitative  observations  which  have  not  received 
quantitative  proof.  In  the  solubility  method  used  by  the  authors  in 
the  present  paper,  no  trace  of  this  inertia  was  perceptible  ;  on  the 
other  hand,  very  small  changes  of  temperature  produced  immediate 
effects  on  the  appearance  of  the  faces  of  the  crystal  when  the  solutions 
were  well  stii'red,  a  condition  which  is  not  mentioned  by  either  of  the 
above  authors. 

If  we  consider  crystallisation  and  solution  from  the  kinetic  stand- 
point, we  must  suppose  that  a  solvent  has  the  power  to  carry  off 
molecules  from  the  surface  of  a  crystal  by  some  chemico-physical 
action,  the  exact  nature  of  which  is  not  yet  known.  This  action  is 
opposed  by  the  attractive  force  exerted  by  the  molecules  in  the 
crystal  on  one  another,  and  on  any  solute  molecules  which  approach  the 
crystal  from  the  solution  :  so  that  it  is  the  combined  effect  of  these 
two  forces  producing  erosion  and  accretion  which  conditions  crystal- 
line growth.  The  attractive  force  acting  on  a  particular  molecule 
must  be  due  to  a  limited  number  of  molecules  in  its  immediate 
neighbourhood.  When  crystals  are  large  compared  with  molecular 
distances,    this    force  will  assume   its  maximum  value  at   all   points 
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on  a  crystal  face  except  near  the  edges,  where,  as  Willard  Gibbs  has 
pointed  out,  the  force  protecting  the  molecules  of  the  crystal  from 
erosion  will  be  smaller  than  at  the  centre.  As  the  size  of  a  crystal  is 
diminished,  the  variation  of  this  molecular  force  will  gradually 
become  more  perceptible,  as  every  point  on  •  a  crystal  face  comes 
nearer  and  nearer  to  an  edge.  Decrease  in  size  will  therefore  be 
accompanied  by  an  increase  in  solubility.  This  question  has  been 
studied  by  J.  J.  Thomson  and  others  from  a  consideration  of  the 
surface  energy  of  a  crystal ;  their  conclusions  as  to  the  relation  of 
solubility  to  size  have  been  verified  by  Ostwald  [Zeit.  physikal.  Chem., 
1900,  34,  495)  and  by  Hulett  {Zeit.  physikal.  Chem.,  1901,  37, 
385). 

Why  then  should  a  supersaturated  solution  exist  without  crystal- 
lising? On  the  kinetic  theory  of  solution,  molecules  of  the  solute 
must  constantly  collide  with  and  exert  attractive  forces  on  one 
another,  so  that  there  seems  to  be  no  reason  why  some  small  number 
of  molecules  should  not  meet  and  form  a  nucleus  for  ci^ystallisation 
by  the  gradual  accretion  of  other  molecules.  The  explanation  why 
this  does  not  lead  to  crystallisation  in  the  metastable  region  probably 
lies  in  the  variation  of  molecvilar  forces  in  the  early  stages  through 
which  a  crystal  formed  -in  this  way  has  to  pass.  A  solution  which  is 
but  slightly  supersaturated  for  microscopic  crystals  would  be  un- 
saturated for  the  very  small  crystal  individuals  which  must  be  the  first 
products  in  a  spontaneous  crystallisation.  It  is  therefore  probable 
that  these  would  be  dispersed  before  they  could  pass  through  the 
critical  stages  of  their  early  growth ;  for  it  must  be  remembered  that 
in  these  stages  not  only  is  the  erosive  action  of  the  solvent  more 
powerful,  but  also  the  attractive  force  of  the  crystals  on  solute  mole- 
cules is  relatively  smaller ;  thus  the  time  necessary  for  growth  and  the 
probability  that  the  crystal  will  be  dispersed  are  both  increased.  Up 
to  a  certain  limit  of  supersaturation  it  would  not  be  surprising  if  it 
were  impossible  for  a  crystal  to  persist  through  these  initial  stages, 
but  when  the  supersaturation  became  large  enough  to  counteract  the 
increased  solubility  of  the  incipient  crystal,  spontaneous  crystallisation 
would  take  place  within  a  longer  or  shorter  period,  depending  on 
certain  physical  conditions.  Supposing  these  to  be  favourable,  as 
seems  to  be  the  case  when  the  solution  is  vigorously  shaken  or  stirred, 
we  might  expect  crystallisation  to  start  at  a  number  of  different  points 
in  the  liquid  and  to  proceed  rapidly,  exactly  as  was  observed  in  the 
experiments  previously  described.  During  the  initial  stages  of  growth, 
the  solution,  although  it  is  giving  up  dissolved  matter  to  the  crystals, 
is  also  quickly  becoming  more  supersaturated  with  respect  to  them, 
hence,  at  the  start,  the  rate  of  growth  should  be  very  rapid ;  tin's 
agrees  with  the  observations  of  Richards  and  Archibald  I^Proc.  Amer, 
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Acad.,  1901,  36,  341),  who  photographed  the  various  stages  of  develop- 
ment of  a  crystal. 

It  is  thus  possible  to  explain  from  a  kinetic  standpoint  why  super- 
saturation  is  so  general  a  phenomenon  and  why  there  should  be  a 
metastable  limit  dividing  solutions  which  will  crystallise  spontaneously 
from  those  which  will  not. 

The  production  of  crystals  in  a  metastable  solution  differs  from  the 
formation  of  liquid  drops  in  a  metastable  supersaturated  vapour,  as  in 
the  latter  case  any  foreign  body,  for  example,  a  dust  particle,  or  the 
walls  of  the  containing  vessel,  is  able  to  produce  condensation,  while 
in  the  former  only  a  body  with  an  identical  or  closely  related  crystal 
structure  can  start  crystallisation.  In  some  of  the  experiments  made 
to  determine  the  supersolubility  described  in  the  present  piper, 
particles  of  foreign  matter  were  visible  in  the  tubes,  but  these  did  not 
bring  about  crystallisation,  which  occurred  regularly  throughout  the 
liquid  and  did  not  start  from  the  solid  impurities  present. 

Thus,  in  a  metastable  solution,  the  presence  of  a  surface  exerting 
definitely  orientated  molecular  forces  is  necessary  to  give  rise  to  a 
definite  crystal  structure. 

Since  writing  the  above,  the  authors  have  found  that  a  somewhat 
similar  explanation  of  the  nature  of  metastable  and  labile  solutions 
has  already  been  given  by  Klister  (Zeit.  anorg.  Chem.,  1903,  33, 
363). 

Suminary. 

(1)  Kuriloff's  method  for  determining  solubilities  has  been  slightly 
modified,  and  has  been  found  very  useful  when  only  small  quantities  of 
substance  are  available  and  the  solvent  is  volatile.  It  also  admits 
very  easily  of  the  determination  of  the  limit  of  the  "  metastable 
region"  of  a  solution,  that  is,  the  temperature  at  which  crystals  are 
spontaneously  produced  without  the  addition  of  crystalline  nuclei. 

(2)  The  solubility  of  triphenylmethane  in  benzene,  thiophen, 
pyrrole,  aniline,  and  pyridine  has  been  determined  ;  the  results  for 
benzene  ai;ree  with  those  of  Kuriloff. 

(3)  Triphenylmethane  crystallises  in  certain  circumstances  from 
solutions  in  benzene,  thiophen,  pyrrole,  and  aniline  with  one  molecule 
of  the  solvent  combined  in  a  manner  similar  to  that  of  "  water  of 
crystallisation." 

(4)  Microscopic  examination  of  the  four  compounds  has  shown  that 
they  have  almost  identical  crystalline  forms  with  the  same  habit, 
twin  law,  and  optical  properties,  so  that  they  probably  form  an 
isomorphous  series. 

(5)  Rhombohedral  crystals  of  each  of  these  compounds  have  the 
property  of  causing  the  growth  of  orthorhombic  crystals  of  triphenyl- 
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methane  when  placed  in  solutions  which  are  metastable  as  regards  the 
latter  body.  This  is  additional  evidence  in  favour  of  their  iso- 
morphism. 

(6)  The  "  supersolubility  curve,"  that  is,  the  limit  of  the  "  metastable 
region,"  has  been  determined  in  each  case.  For  all  five  solvents  the 
curve  runs  approximately  parallel  to  the  solubility  curve,  being  about 
20°  distant  from  it  for  the  crystallisation  of  pui-e  triphenyl methane, 
and  about  7°  distant  for  the  crystallisation  of  the  compounds  con- 
taining a  molecule  of  solvent. 

The  authors  wish  to  express  their  indebtedness  to  Mr.  B.  M.  Jones, 
late  Scholar  of  Balliol  College,  for  his  valuable  assistance  in  a  number 
of  the  determinations,  and  to  Mr.  D.  H.  Nagel,  Trinity  College, 
Oxford,  for  the  interest  he  has  taken  in  the  progress  of  their  work. 

Balliol  and  Trinity  College  Laboratoey, 
Oxford. 


CVI. — Studies    of    Dynamic     Isomerism.      Part     IV. 
Stereoisomei  ic  Halogen  Derivatives  of  Campho7\ 

By  Thomas  Martin  Lowry. 

It  has  been  shown  (Lowry,  Trans.,  1898,73,  569)  that  on  brominating 
a-chlorocamphor  and  on  chlorinating  a-bromocamphor  mixtures  are 
forrjied  of  the  isomorphous  stereoisomerides  represented  by  the  formula 

CClBr 
^8-'^i4'\  '  »  ^^^    isomerism  depending  on  the  asymmetry  of  the 

CO 
a-carbon  atom.     Similar  isomerides  are  also  obtained  by  the  action  of 
halogens   on  nitrocamphor  (Trans.,  1898,  73,  986 — 991),  but  as  these 
are  not  isomorphous,  it  is  possible  by  repeated  crystallisation  to  isolate 
each  compound  in  a  pure  state. 

Whilst  the  a-derivatives  thus  appear  invariably  to  yield  a  mixture  of 
isomerides  (compare  Forster,  Trans.,  1902,  81,  160),  it  is  possible  to 
obtain  from  cimphor  itself  an  almost  theoretical  amount  of  a  single 
bromo-derivative,  the  well-known  a-bromocamphor.  Even  in  this  case, 
however,  it  has  long  been  supposed  that  two  isomerides  are  formed 
initially,  one  of  which  undergoes  isomeric  change  during  the  subsequent 
purification.  Thus,  Marsh,  in  1891  (Ti-ans.,  59,  968),  was  able  to 
separate  from  the  initial  product  a  fraction  which  differed  widely  from 
a-bromocamphor,  its  optical  rotatory  power  being  [a]i,  -f29'4°  only, 
whilst  that  of  the  ordinary  bromocamphor  is  [a]u  -I-  135'\    Marsh  found 
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that  by  distilling  under  atmosplieric  pressure  the  low-i-otatory  com- 
pound was  largely  converted  into  ordinary  bromocamphor,  and  proposed 
to  use  this  method  in  order  to  purify  the  crude  product. 

A  far  more  effective  method  of  purification  had,  however,  been  intro- 
duced by  Armstrong  in  1878  (Chem.  News,  37,  4).  This  consisted  in 
the  use  of  alcoholic  potash,  and  there  could  be  no  doubt  that  this  agent 
served  not  only  to  remove  hydrogen  bromide  and  to  reduce  any  di- 
bromocamphor  that  might  be  present,  but  also  to  convert  into  the 
stable  a-compound  any  isomeric  bromocamphor  which  might  be  formed 
by  the  action  of  the  halogen. 

On  account  of  the  large  proportion  of  a-bromocamphor  obtained  by 
Armstrong's  method,  it  has  been  generally  supposed  that  the  conversion 
of  the  labile  into  the  stable  isomeride  was  complete  and  non-reversible. 
Kipping  has,  however,  recently  shown  (Proc,  1905,  21,  125)  that  there 
is  in  the  alcoholic  solution  a  marked  reversal  of  the  isomeric  change. 
By  working  alternately  in  alkaline  and  in  acid  solution  he  was  able  to 
prepare  from  pure  a-bromocamphor  a  product  of  low  rotatory  power, 
very  similar  to  that  described  by  Marsh.  When  alkali  was  added  to  a 
concentrated  alcoholic  solution  of  this  substance,  crystals  of  a-bromo- 
camphor separated  ;  in  less  concentrated  solutions,  the  product  remained 
dissolved  and  was  found  to  have  the  same  rotatory  power,  [ajp  4- 122°, 
as  that  prepared  directly  by  the  action  of  alkali  on  a-bromocamphor. 

The  principle  of  the  method  by  which  solubility  measurements  may 
be  applied  to  determine  the  equilibrium  between  dynamic  isomerides 
has  been  described  in  two  previous  papers  (Trans.,  1904,  85,  1541, 
1551).  In  the  case  of  the  stereoisomeric  bromocamphors,  the  applica- 
tion of  the  method  is  rendered  exceptionally  easy  by  the  fact  that 
isomeric  change  takes  place  only  in  presence  of  added  alkali,  and  is 
therefore  completely  under  control.  The  difficulty  previously  en- 
countered in  determining  the  initial  solubility  of  the  unchanged 
material  is  therefore  absent,  and  after  adding  the  alkali  the  final 
equilibrium  is  very  quickly  attained.  The  facility  of  the  method 
proved  to  be  such  that  the  observations  were  extended,  not  only  to 
chlorocamphor  (the  isomeric  change  of  which  had  already  been  noted 
by  Kipping),  but  also  to  several  of  the  dihalogen  derivatives  of  camphor  ; 
the  further  application  of  the  method  to  the  sulphonic  derivatives  of 
camphor  is  described  in  a  subsequent  paper. 

It  should  be  noted  that  whilst  it  is  possible  to  determine  by  means 
of  solubility  measurements  the  approximate  proportions  in  which  the 
isomerides  are  in  equilibrium  in  solution,  and  to  estimate  roughly  the 
rotatory  power  of  the  a'-compounds,  physical  methods  of  this  kind 
can  form  no  adequate  substitute  for  the  actual  separation  of  these 
substances  which  has  been  undertaken  by  Kipping.  The  chief  advan- 
tage of  the  physical  niethods  is  that  they  enable  a  rapid  survey  to  be 
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made  of  the  behaviour  o£  a  range  of  compounds  far  exceeding  the 
number  which  could  well  be  submitted  to  the  tedious  process  of 
fi-actionation. 

1.  The  substances  investigated  were  : 

a-  and  /3-bromocamphor  and  a-chlorocamphor. 

aft-  and  a7r-dibromocamphor. 

a/3-  and  aTT-chlorobromocamphor. 
aa'-Dibromocamphor  could  not  be  used,  as  its  alcoholic  solutions  soon 
decomposed,  becoming  yellow  on  exposure  to  the  air.      Measurements 
were  made,  however,  of  a  trisubstituted  compound,  a  Traa'-chlorobromo- 

nitrocamphor,     C8HioCl<  i  ^  obtained  by  the  action  of   nitric 

acid  on  crude  7ra-chlorobromocamphor.  The  solvent  used  in  the 
majority  of  cases  was  absolute  alcohol  of  99*5  per  cent,  concentration, 
but  observations  were  also  made  of  the  solubility  of  a-bromocamphor 
and  a-chlorocamphor  in  ethyl  alcohol  of  lower  concentration  and  in 
commercial  methyl  alcohol.  The  alkali  was  made  by  dissolving  sodium 
in  the  alcohol,  and  was  added  in  such  proportions  as  to  give  solutions 
of  approximately  known  strength,  usually  iV/100,  i\7500,  or  j>71000. 

2.  The  saturated  solutions  were  prepared  by  stirring  the  solid  with 
the  solvent  in  a  large  test-tube  supported  in  a  water-bath.  The  bath 
was  stirred  mechanically  and  was  kept  at  a  constant  temperature  by 
means  of  an  automatic  gas-regulator.  The  majority  of  the  measure- 
ments were  made  within  one-  or  two-hundredths  of  20°  as  determined 
by  a  thermometer  graduated  to  0*01°,  which  had  recently  been 
standardised  at  the  Eeichsanstalt.*  As  no  isomeric  change  took  place 
until  alkali  was  added,  it  was  not  necessary  to  secure  saturation  rapidly. 
The  solid  was  therefore  added  in  coarse  crystals  and,  after  stirring 
during  one  or  two  hours,  was  allowed  to  settle.  Samples  of  the 
saturated  solution  were  then  withdrawn  by  means  of  a  warm  pipette 
and  could  be  used  immediately  ;  as  filtration  was  unnecessary,  the  chief 
risk  of  change  in  concentration  taking  place  was  thus  avoided. 

3.  The  solubilities  were  determined  by  evaporating  weighed  quanti- 
ties of  the  saturated  solutions  in  weisrhine:  bottles.  In  the  case  of  the 
monohalogen  compounds,  considerable  care  was  needed  to  avoid  loss  by 
sublimation  ;  the  solutions  were  gently  heated  on  the  top  of  an  air-oven 
and  the  te  perature  was  adjusted,  so  that  from  twelve  to  thirty-six 
hours  were  required  for  the  evaporation  of  10  c.c.  of  the  alcoholic  solu- 
tion. In  the  case  of  the  dihalogen  compounds,  no  such  trouble  was 
experienced,  but  some  of  the  sulphonic  compounds  referred  to  in  the 

*  By  using  one  of  the  spiral  regulators  recently  described  (Trans.,  1905,  87, 
1030),  the  tem[)erature  of  one  of  the  baths  was  maintained  without  readjustment 
between  20-00''  and  20-02°  whenever  the  bath  was  in  use  throughout  the  six  months 
from  September,  1905,  to  March,  1906. 
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following  paper  formed  compact  crystals,  and  it  was  necessary  to  heat 
these  more  strongly  in  order  to  expel  the  last  traces  of  the  solvent. 

4.  The  densities  were  determined  by  means  of  a  special  form  of 
graduated  pipette  (Fig.  1),  the  ordinary  Meyerhoffer-Saunders  pipette 
not  being  suited  to  the  conditions  of  experiment.  The  pipette  was 
heated  to  20°  in  the  thermostat  and  quickly  lowered  into  the  tube 
containing  the  saturated  solution.  The  solution  was  drawn  up  into  the 
narrow  graduated  stem,  the  tap  closed,  and  the  position  of  the  meniscus 
noted.  The  capillary  point  was  then  wiped  and  covered  with  a  glass 
cap  to  prevent  evaporation  during  the  weighing.  The  earlier  experi- 
ments were  made  with  a  pipette  of  42  c.c.  capacity,  provided  with  a 
thermometer  :  this  had  been  designed  and  calibrated  by  Mr.  W.  R. 
Bousfield,  to   whom  I  am  indebted  for  the   loan  of    the  instrument. 


SP 


Graduated  'pifcltc for  determining  the  density  of  scdurated  solutions. 
Fig.  ]. 

Duplicate  determinations  (compare  ^-bromocamphor)  usually  differed  by 
only  a  few  units  in  the  fourth  place  of  decimals  ;  the  densities  shown  in 
brackets  were  not  measured,  but  were  calculated  with  sufficient  exact- 
ness by  assuming  that  each  1  per  cent,  of  solute  increased  the  density 
of  the  alcohol  by  0004.  The  expei-iments  described  in  the  subsequent 
paper  were  made  with  pipettes  of  the  pattern  figured  and  had  capacities 
of  10  and  20  c.c.  only. 

5,  The  rotatory  powers  of  the  solutions  were  determined  by 
means  of  a  polarimeter  graduated  to  read  to  0'001°  by  means  of 
a  vernier.  This  instrument,  which  was  made  to  the  design  of 
the  late  Mr.  J.  W.  Rodger,  is  provided  with  exceptionally  large 
optical  parts,  the  triple  field  being  divided  liorizontally.  For  the 
loan  of  this  I  am  indebted  to  the  Board  of  Education,  and  desire  to 
express  my  indebtedness  to  Prof.  Tilden,  through  whom  permission 
was  obtained  to  use  the  instrument.  The  polariser  and  analyser  are 
mounted  on  separate  bases,  an  important  point  when  jacketed  tubes 
are  used,  and  are  supported  on  a  teak  base  provided  with  V-grooves. 
The  temperature  of  the  2-dcm.  tubes  is  maintained  at  20°  by 
enclosing  them  in  a  hollow  copper  jacket  through  which  water  is  circu- 
lated from  a  large  thermostat.  The  circulation  is  maintained  by  an 
eccentric  pump  driven  by  an  electromotor,  the  speed  of  which  can  be 
varied  by  lamp  resistances. 
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The  table  shows  the  numerical  values  obtained.  It  will  he  noticed 
that  in  the  case  of  all  compounds  containing  the  group  -CHBr-CO-  or 
-CHCl'CO-  the  addition  of  a  mere  trace  of  alkali  is  followed  by  a 
marked  increase  in  the  density  and  concentration  of  the  saturated  solu- 
tions, the  ratio  of  the  initial  to  the  final  solubility  remaining  almost 
constant  at  0*88  to  0"90  throughout  the  series.  No  change  of  solubility 

CH 

occurred  in  the   case  of    ^bromocamphor,   CgH^gBr-c^^i^,  in  which 

both  a-positions  are  occupied  by  hydrogen,  nor  in  the  case  of  rraa'- 

chlorobromonitrocamphor,   OgH^gCl^^  i  ^  ",    in    which  both  these 

hydrogen  atoms  have  been  displaced.  It  is  thus  evident  that,  although 
isomeric  change  probably  takes  place  through  an  intermediate  enolic 
form, 

-.-^    n  Ti   /  [  "^H 
CO 


^8^14 


/?<B„..rc,H„<§-]_^^^^^/C< 


CO 


Bra' 


the  increase  of  solubility  must  be  attributed  mainly  to  the  interchange 
of  the  radicles  occupying  the  a  and  a  positions.  The  case  is  somewhat 
analogous  to  that  of  glucose,  mannose,  and  fructose  studied  by  Lobry  de 
Bruyn  (Hec.  trav.  cliim.,  1895,  14,  201)  ;  in  each  case  the  isomerides 
have  a  common  enolic  form,  but  the  proportion  of  this  in  the  neutral 
solutions  is  so  small  that  no  isomeric  change  takes  place  until  alkali  is 
added. 

Proportions  in  which  the  Isomerides  are  in  Equilibrium  in  /Solution. — 
In  order  to  deduce  from  the  solubility  measurements  the  proportions 
of  the  isomerides  in  the  alkaline  solutions,  it  was  necessary  to  ascertain 
whether  the  a'- form  would  be  likely  to  influence  the  solubility  of 
the  a-isomeride.  Direct  experiments  were  not  practicable,  but  the 
following  observations  were  made  to  test  this  point. 

1.  The  solubility  of  ajS-dibromocamphor  was  determined  (a)  in 
alcohol,  [b)  in  alcohol  containing  0'50  gram  of  oTr-dibromocamphor 
per  100  grams  of  alcohol.  The  total  amount  of  solid  per  100  grams 
of  alcohol  in  the  two  saturated  solutions  was  found  to  be  : 

(a)  3-24  3-27  Mean,  3-26  per  cent. 

\b)  3-76  3-75  3-76  Mean,  3-76       „ 


Difference 0*50  per  cent. 

The  solubility  of  a^-dibromocamphor  is  thus  not  affected  by  tbe 
addition  of  0'5  per  cent,  of  the  a7r-isomeride,  and  it  is  probable  that 
the  presence  of  0*4  per  cent,  of  the  a'/3-isomeride  would  have  equally 
little  effect.     In  the  case  of  the  sparingly  soluble  dihalogen  compounds 
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the  solubility  measurements  can  therefore  be  directly  applied  to  deter- 
mine the  proportions  of  the  isomerides  in  the  solutions.  These  are 
practically  uniform  throughout  the  series,  the  amount  of  the  a-form 
being  89  per  cent,  of  the  total  matter  in  solution,  and  the  ratio 
a  :  a'  =  8  : 1  approximately. 

2.  The  solubility  of  a-bromocamphor  was  determined  (a)  in  alcohol, 
(b)  in  alcohol  in  which  2  per  cent,  of  the  /3-isomeride  had  been  dis- 
solved. The  total  amounts  of  dissolved  solid  per  100  grams  of  alcohol 
were  found  to  be  : 

(a)  21-18  2109  2M5  Mean,  2M4  per  cent. 

(6)  24-21  24-19  24-25  Mean,  24-22       „ 


Ratio  =  0-873.     Difference  =  3-08  per  cent. 

The  densities  at  2074°  were  0-8536  and  0-8616  and  the  volume  con- 
centrations 14-89  and  16-78  grams  per  100  c.c. ;  ratio,  0-888.  The 
actual  proportion  of  the  a-compound  in  the  artificial  mixture,  0-917, 
is  higher  than  either  of  the  above  ratios,  the  solubility  being  increased 
by  the  presence  of  the  isomeride.  In  the  case  of  the  mixture  formed 
by  the  action  of  alkali  on  a-bromocamphor  the  percentage  by  weight 
increases  in  the  ratio  0-88  :  1,  the  percentage  by  volume  in  the  ratio 
0-90  : 1  ;  the  proportion  of  the  a-compound  is  therefore  probably  0-93, 
and  the  ratio  a  :  a'  =  13  : 1  approximately. 

No  direct  measurements  were  made  with  reference  to  the  influence 
of  an  isomeride  on  the  solubility  of  a-chlorocamphor,  but  the  solubility- 
ratios,  0-87  by  weight  and  0-89  by  volume,  probably  correspond  to 
about  91  per  cent,  of  the  a-compound  in  the  solution. 

Whilst  these  values  are  probably  correct  within  1 — 2  per  cent.,  the 
high  solubility  of  a-bromoca,mphor  and  a-chlorocamphor  places  them 
beyond  the  limits  within  which  it  was  originally  proposed  to  apply 
the  solubility  method  to  determine  the  proportions  of  dynamic 
isomerides  in  solution. 

Rotatory  Power  of  the  Isomerides. — On  referring  to  the  table,  it  will 
be  seen  that  the  increased  concentration  which  follows  the  addition  of 
alkali  is  usually  accompanied  by  an  increase  in  the  rotatory  power, 
ou,  of  the  saturated  solution.  In  the  case  of  ay8-dibromocamphor  and 
a/3-chlorobromocamphor,  the  rotatory  power  decreases  and  the  products 
of  change  are  evidently  lajvorotatory.  In  other  cases  the  pi'oducts, 
although  dextrorotatory,  must  as  a  rule  be  less  active  than  the  original 
material,  since  the  specific  rotatory  power,  [ajo,  of  the  alalia'  mixture 
is  less  than  that  of  the  a-compound.  Exceptions  are  found  in  the  case 
of  aTT-dibromocamphor  and  a7r-chlorobromocamphor,  which  show  a  slight 
increa.se  of  specific  rotatory  power  on  the  addition  of  alk.ili. 

These  exceptions  afford  an  illustration  of  the  fallacy  underlying  the 
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"Principle  of  Optical  Superposition,"  to  which  attention  has  been 
directed  by  RosanofE  {J.  Amer.  Chem.  Soc,  1906,  28,  525).  If  this 
principle  were  valid,  the  change  of  rotatory  power  following  from  a 
reversal  of  the  asymmetry  of  the  a-carbon  atom  should  be  independent 
of  the  confipnration  of  the  rest  of  the  molecule,  and  could  not  possibly 
be  opposite  in  sign  in  comi^ounds  so  closely  related  as  the  j8-  and 
TT-bromocamphors.  Such  irregularities  can,  however,  be  understood 
if  it  be  recognised  that  a  change  in  the  balancing  of  a  single  carbon 
atom  may,  and  indeed  must,  disturb  the  balance  of  the  whole  molecule 
and  affect  every  centre  of  asymmetry.  Until  much  more  information 
is  available,  it  will  evidently  not  be  possible  to  make  any  important 
generalisation    as    to    the   rotatory    power    of    compounds    containing 


Fig.  2. — Soluhility  of  abromocnmphor  in 
alcohol  with  N/1000  sodium  dhoxide. 


24 


22 


20 


18 


0  hovus 


several  centres  of  asymmetry,  especially  when  these  are  connected 
together  in  a  complex  ring  system  as  in  the  case  of  camphor  and  the 
cyclic  terpenes. 

Whilst  the  rotatory  powers  of  the  solutions  give  a  rough  idea  of  the 
optical  properties  of  the  a'-compounds,  accurate  values  cannot  be 
deduced  on  account  of  the  small  concentrations  of  these  compounds 
and  the  presence  of  a  large  excess  of  the  a-isomerides.  In  the 
case  of  the  monohalogen  derivatives,  it  must  further  be  recognised 
that  the  increased  concenti-ation  which  follows  the  addition  of  alkali  is 
not  wholly  due  to  the  formation  of  the  a'-compound,  since  an  addi- 
tional quantity  of  the  a-compovmd  also  passes  into  solution.  If  a 
correction  be  made  for  this,  it  appears  probable  that  a'-bromo- 
camphor  is  Isevorotatory  and  a'-chlorocamphor  only  feebly  dextro- 
rotatory;  the  uncorrected  figures  given  in  the  table  aie  maximum 
values  only. 
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Velocity  of  Isomeric  Change. 

Two  experiments  in  which  alkali  was  added  to  the  extent  of  vV/lOO 
showed  that  equilibrium  was  already  attained  in  an  alcoholic  solu- 
tion of  bromocamphor  at  the  end  of  0'6  and  0'7  hour.  When  the 
quantity  of  alkali  was  reduced  to  iV/lOOO,  regular  curves  were  obtained 
which  showed  a  gradual  increase  of  solubility  during  the  first  hour, 
after  which  the  solubility  remaiued  constant.  The  curves  shown 
represent  two  series  of  experiments  with  alcohol  of  98-7  and  97  per 
cent,  concentration,  and  indicate  that  the  rate  of  change  is  not 
increased  by  doubling  the  proportion  of  water  in  the  alcohol.  When 
the  quantity  of  alkali  was  further  reduced  to  A'/l 0,000,  the  change 
became  exceedingly  slow,  and  it  is  probable  that  the  alkali  becomes 
used  up  either  in  reducing  the  bromocamphor  or  in  neutralising  traces 
of  acid  formed  in  the  solution. 

Traa'-Chlorobromonitrocamphor. — This  compound,  prepared  by  the 
action  of  nitric  acid  on  the  crude  chloro bromocamphor  produced  by 
heating  a-bromocamphor-7r-siilphochloride,  is,  like  the  chlorobromo- 
camphor  itself,  contaminated  with  a  certain  amount  of  the  isomorphous 
dibromocamphor  (0-2352  gave  0-2565  AgCl  +  AgBr;  CI  +  Br  =  38  0. 
CioHjgOgNClBr  requires  CI  +  Br  =  37  2  per  cent.).  The  mixture 
behaved  in  almost  every  respect  like  a  pure  substance,  melted  sharply 
at  138°,  showed  a  constant  solubility  in  alcohol,  and  crystallised  magni- 
ficently. 

Measurable  crystals  were  obtained  from  a  solution  in  acetone  which 
was  allowed  to  cool  slowly  to  the  atmospheric  temperature.  They 
belonged  to  the  orthorhombic  system  and  gave  the  following 
constants : 


Fig.  3. 


Forms  present  :  a'lOOj,    b{010},  c{001{,  o{ni;, 
w{101},  to{102},  r{110},   s{120}; 
n,  h,  and  c  were  only  occasionally  observed. 
Axial  ratios  :  a:6:c  =  n-889  :  1  :  1049. 
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Angles'ineasured : 

H°39'  — 

(19°0') 
(58=^42') 
(59°28') 
(30°32') 
an  100  :  101         (3)       40°13'       (40°17')       sm  120  :  102         (6)     104°15'     (104°25') 

Summary. — (1)  The  method  previously  employed  in  the  case  of 
nitrocamphor  and  the  sngai's  to  determine  the  proportions  in  which 
the  dynamic  isomerides  are  in  equilibrium  in  solution  has  been  applied 
to  the  halogen  derivatives  of  camphor,  which  have  been  shown  by 
Kipping  to  undergo  reversible  isomeric  change  in  presence  of  alkalis. 

(2)  In  the  case  of  each  compound  containing  the  group  -CHBr'CO- 
or  -CHCl'CO-,  the  addition  of  alkali  is  followed  by  an  increase  in  the 
concentration  of  the  saturated  solution  in  the  ratio  0'89  : 1  approxi- 
mately. 

(3)  The  proi^ortion  of  the  a'-form  is  probably  about  7  per  cent,  in 
the  case  of  bromocamphor,  9  per  cent,  in  the  case  of  chlorocamphor, 
and  11  per  cent,  in  the  case  of  the  ajB-  and  a7r-dihalogen  compounds. 

(4)  No  increase  of  solubility  is  observed  in  the  case  of  /i-bromo- 
camphor  or  of  the  aa'-derivatives. 

(5)  Approximate  values  are  given  for  the  rotatory  powers  of  the 
a'-compounds.  a'-Bromocamphor  is  probably  Isevorotatory,  and 
a'-chlorocamphor  only  feebly  dextrorotatory. 

A  part  of  the  [expense  incurred  in  the  inquiry  described  in  this 
and  the  following  paper  was  defrayed  by  grants  from  the  Research 
Fund  of  the  Chemical  Society  and  from  the  British  Association.  The 
author  wishes  to  take  this  opportunity  of  expressing  his  indebtedness 
for  the  help  thus  afforded. 

Westminster  Training  College, 
London,  S.W. 


CVII. — Studies    of    Dynamic     Isomerism.      Part      V. 
Isomeric  Sulphonic  Derivatives  oj  Cam2:)hor. 

By  Thomas  Martin  Lowry  and  Egbert  H.  Magson,  B.Sc. 

In  the  previous  paper  it  has  been  shown  that  the  reversible  isomeric 
change  which  a-bromocamphor,  a-chlorocamphor,  and  their  (3-  and 
TT-halogen  derivatives  undergo  when  a  trace  of  alkali  is  added  to  their 
alcoholic  solutions  (Kipping,  Proc,  1905,  21,  125)  is  accompanied  by 
a  marked  increase  in  the  concentration  of  the  saturated  solutions. 
Similar  experiments  are  now  described  in  the  case  of  some  twenty  com- 
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pounds  containing  a  sulphonic  group  ;  the  majority  of  these  belong  to 
the  Keychler  or  yS-sex-ies  (Armstrong  and  Lowry,  Trans.,  1902,  81, 
1441),  only  a  few  measurements  of  the  7r-sulphonic  compounds  being 
included  for  the  sake  of  comparison.  The  methods  adopted  were 
identical  with  those  previously  used  ;  the  results,  which  are  shown  in 
a  table,  represent  in  almost  every  case  the  mean  of  a  number  of 
determinations,  special  care  being  taken  to  ensure  that  the  solid 
a-compounds  were  initially  free  from  the  a'-isomerides.  The 
solubility  of  the  metallic  sulphonates  was  determined  in  aqueous 
solutions  to  which  ammonia  was  added  ;  in  the  other  cases,  the  solvent 
was  alcohol  of  99-5  per  cent,  strength  and  the  alkali  iV/SOO  or  iV/1000 
sodium  ethoxide. 

I.  Derivatives  of  Camphor-Tr-sul2)honic  Acid. 

The  behaviour  of  the  7r-sulphonic  compounds  is  relatively  simple. 
Kipping  has  shown  that  the  salts  both  of  a-bromo-  and  of  a-chloro- 
camphor-TT-sulphonic  acid  undergo  isomeric  change  in  presence  of  a 
trace  of  free  alkali.  No  evidence  has  been  obtained  of  the  formation 
of  lactonic  rings  between  the  k  and  vr-positions,  and  the  isomerism 
appears  to  be  of  the  same  simple  character  as  in  the  case  of  bromo- 
camphor  itself.  By  fractionally  crystallising  the  hydrindamine  salts, 
Kipping  has  isolated  the  acids  in  which  the  halogen  occupies  the 
a'-position  (Proc,  1905,  21,  293),  and  has  thus  solved  the  problem 
presented  by  this  series  of  isomeric  changes.  The  measurements  now 
described  were  therefore  made,  not  so  much  in  order  to  secure  addi- 
tional information  with  reference  to  this  group  of  compounds  as  to 
test  the  method  of  experiment  and  to  determine  to  what  extent  the 
changes  noted  amongst  the  /8-compounds  were  due  to  simple  stereo- 
isomerism on  the  one  hand,  or  to  lactone  formation  on  the  other. 

The  most  suitable  salts  for  solubility  measurements  are  the 
ammonium  salts,  the  relatively  small  solubility  of  which  is  made  use 
of  in  isolating  the  sulphonic  acids  of  the  7r-series.  The  solubility  of 
ammonium  a-bromocamphor-7r-sulphonate  in  water  was  found  to  be 
18*57  per  cent,  at  20°,  but  repeated  determinations  of  the  density  of 
the  saturated  solution  showed  that  no  increase  of  solubility  followed 
the  addition  of  ammonia  or  of  traces  of  caustic  soda.  This  unexpected 
result  is  not  difficult  to  explain ;  it  is  clear  that  whatever  alkali  is 
added  the  free  base  in  the  solution  can  only  be  ammonia,  and  it  is 
probable  that  its  basic  properties  are  so  I'educed  by  the  presence  of 
the  ammonium  salt  (compare  the  use  of  ammonium  chloride  in 
analysis)  that  it  is  no  longer  able  to  promote  isomeric  change.  In 
presence  of  a  trace  of  sodium  ethoxide,  the  sohibility  of  the  sulphon- 
amide  in  alcohol  showed  a  marked  increase  from  116  to  136  per  cent. 

VOL.   LXXXIX.  \\  Z 
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in  the  ratio  0"853  :  1.  Although  this  value  is  subject  to  a  correction 
for  the  influence  of  the  a'-  on  the  solubility  of  the  a-compound, 
it  is  probable  that  the  introduction  of  negative  groups  in  the  series : 


^8^14< 


CHBr 

CO 


(7  per  cent.),  CsHj3Br<^^ 


CHBr 


(11  per  cent.), 


CTTBr 

C3Hi3(S02NH2)<^^       (15  per  cent.), 


is   accompanied  by  a  progressive   increase  in  the  proportion  of  the 
a'-form. 

Acetyl-a-hromocamjiJior-TT'Sulphonamide. — This  compound  was  pre- 
pared by  boiling  a-bromocamphor-7r-sulphonamide  with  acetic  anhydride 
to  which  a  trace  of  sulphuric  acid  had  been  added.  When  the  mixture 
was  diluted  cautiously  with  alcohol  and  water  and  allowed  to  cool, 
small,  brilliant  crystals  were  slowly  deposited.  These  melted  at  199° 
and  were  found  on  analysis  to  consist  of  an  acetyl  derivative  of  the 
amide  (01126  gave  0-0602  AgBr;  Br  =  22-76  ;  Ci2Hi804NBrS  requires 
Br  =  22-70  per  cent.)  and  not  the  anhydramide  that  was  expected.  It 
was  noteworthy  that  the  addition  of  a  large  bulk  of  water  to  solutions  of 
this  compound  produced  no  immediate  precipitation  as  in  the  case  of  the 
majority  of  camphor-compounds,  crystallisation  usually  taking  place 
only  after  the  solution  was  cold.  Solubility  determinations  showed  no 
increase  in  the  concentration  of  the  saturated  solution  on  the  addition 
of  alkali,*  and  it  is  therefore  probable  that  the  compound  is  the  enolic 

CBr 

acetyl  derivative,  CsIIj3(S02'NH2)<^ii  „  .    ,  and  not  the  acetylamide, 

CioHi,^BrO-S02-NHAc. 

Measurable  crystals  were  obtained  from  solutions  in  ethyl  acetate, 
and  gave  the  following  figures  : 


System:  Orthorhombic. 

Axial  ratios  :  a:b  •.c=  1-778  :  1  :  1-254. 

Forms  present  :  a{100},  p[Ol\\,  ?{101],  r{110!. 

•    *  The  alkali  added  amounted  to  O'Ol — 0-02  per  cent.,  and  appeared  to  increase 
the  density  by  about  0-001. 
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Angles  measured  : 
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II.   Derivatives  of  Camphor- jS-sulphonic  Acid. 

The  isomerism  of  the  /?-sulphonic  derivatives  of  camphor  presents  a 
far  more  complex  problem  than  that  of  the  7r-derivatives,  on  account  of 
the  readiness  with  which  ring-formation  takes  place  between  the  /3-  and 
K-positions  (compare  Armstrong  and  Lowry,  Trans.,  1902,  81,  1441  ; 
Forster,  Trans.,  1902,  81,  264). 

Thus,  in  the  case  of  the  amides  there  may  be  formed  in  addition  to 
the  normal  amide  I  and  its  anhydramide  II,  a  lactam  III  and 
a  lactone  IV. 

C  H   ^9^2        C8Hi3<9^2        CsHj3<9lj2  C8H.„<9^2 

SO^-ISTHg  SO2 y  SO2 NH  SO2 o 

I.  II.  III.  IV. 

The  simple  sulphonamides  yield  either  amide  or  anhydramide 
forms  I  and  II,  but  there  is  evidence  to  show  that  the  anilides  may 
exist  as  hydroxy  lie  lactams  III  and  the  piper  idides  as  lactonic 
compounds  IV.  In  the  case  of  the  a-bromo-  and  a-chloro-sulphonic 
compounds,  each  of  these  types  may  exist  in  stereoisomeric  a-  and 
a'-forms ;  in  the  case  of  the  potassium  salts  which  do  not  appear  to 
form  lactones  this  is  probably  the  only  isomerism  which  exists.  The 
observations  made  with  each  type  of  compound  may  now  be  described. 

1.   The  Potassium  Salts. 

The  potassium  salts  of  a-bromo-  and  a-chloro-camphor-;8-sulphonic 
acids,  unlike  the  ammonium  salt  referred  to  above,  both  showed  a 
marked  increase  in  solubility  on  the  addition  of  a  trace  of  ammonia 
to  the  saturated  aqueous  solution.  In  the  case  of  the  a-bromo-salt, 
which  showed  an  increase  of  solubility  from  266  to  32*3  per  cent.,  ex- 
periments were  made  in  order  to  ascertain  the  probable  influence 
of  the  a'-salt  on  the  solubility  of  the  a-isomeride.  The  solubility 
of  the  a^S-salt  was  therefore  also  determined  in  solutions  which 
already  contained  6  40  and  6"50  per  cent,  of  the  a7r-isomeride  ;  in  each 
case,  the  increase  in  concentration  was  greater  than  that  due  to  the 
added  7r-salt,  the  total  concentration  of  solute  being  3345  and  33'80 
per    cent,    and    the    increase    6*9     and     7 '2     per    cent,    respectively. 

3  z  2 
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Thus,  of  the  observed  increase  in  concentration,  only  about  eleven- 
twelfths  is  to  be  attributed  to  the  added  isomeride,  the  remaining 
one-twelfth  being  due  to  the  increased  solubility  of  the  a-salt.  If  the 
same  correction  be  applied  in  order  to  allow  for  the  influence  of  the 
a')8-  on  the  solubility  of  the  a/3-salt,  it  is  probable  that  the  solubility 
ratio  0'817  represents  a  proportion  0*832,  or  83  per  cent,  of  the  a-salt 
in  the  solution.  In  the  case  of  the  chloro-salt,  the  solubility  increases 
from  17 '9  to  20  per  cent.,  ratio  0'890,  and  there  is  perhaps  90  per 
cent,  of  the  a-salt  in  the  solution. 

It  will  be  noticed  that  in  each  case  the  increased  concentration 
resulting  from  the  addition  of  alkali  is  accompanied  by  a  decrease  in 
the  rotatory  power  of  the  solution ;  the  products  of  isomeric  change 
are  thus  evidently  Isevorotatory. 

It  may  further  be  pointed  out  that  the  inci-eased  solubility  now 
observed  in  these  salts  affords  the  clearest  proof  which  has  yet  been 
obtained  that  the  sulpho-group  in  the  Reychler  series  of  acids  does 
not  occupy  either  of  the  a-positions,  and  that  the  formation  of  /3-bromo- 
camphor  from  camphorsulphobromide  does  not  depend  on  a  transfer- 
ence of  bromine  from  an  a-  to  the  ;8-position  (Trans.,  1902,  81,  1445). 

2.  Amides  and  Anhydramides. 

In  the  paper  in  which  his  camphor  sulphonic  acid  was  first  described 
{Bull.  Soc.  chim.,  1898,  iii,  19,  120),  Reychler  stated  that  two  amides 
were  formed  by  the  action  of  ammonia  on  the  sulphochloride.  These 
were  subsequently  shown  to  be  convertible  under  the  action  of  hydro- 
bromic  acid,  and  were  at  first  thought  to  be  stereoisomerides  (Arm- 
strong and  Lowry,  Proc,  1901,  17,  182),  but  it  was  subsequently 
shown  by  analysis  that,  although  both  compounds  crystallise  un- 
changed from  acetic  anhydride,  the  substance  of  higher  melting  point 
is  actually  an  anhydramide  formed  by  the  removal  of  a  molecule  of 
water  from  the  amide  (Armstrong  and  Lowry,  Trans.,  1902,  81, 
1444).  The  solubility  determinations  recorded  in  the  table  disclosed  the 
remarkable  fact  that  camphor  sulphonamide,  although  thus  not  affected 
by  boiling  with  acetic  anhydride,  is  rapidly  and  completely  dehydrated 
by  iVy500  NaOEt  in  a  cold  alcoholic  solution,  a  quantitative  conversion 
into  the  anhydramide  being  effected  in  the  course  of  a  few  hours  at 
20°.  This  was  shown  not  only  by  the  changed  melting  point  of  the 
solid,  but  also  by  the  complete  identity  of  the  alkaline  solutions ;  the 
slight  increase  produced  by  the  [alkali  in  the  concentration  of  the 
saturated  solution  of  the  anhydramide  is  not  due  to  any  ^reverse 
action,  but  may  be  attributed  wholly  to  the  sodium  ethoxide  which 
was  added. 

This   method  of  producing    the    anhydramide    is    very    suggestive. 
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Lap  worth  has  shown  (Trans.,  1904,  85,  30)  that  the  velocity  of 
bromination  of  ketones  is  directly  dependent  on  the  rate  at  which 
the  ketone  is  converted  during  the  experiment  into  the  enolic 
isomeride.  The  present  experiments  show  clearly  that  the  conversion 
of  camphorsulphonamide  into  the  anhydramide  is  not  a  mere  case  of 
dehydration,  but  probably  proceeds  by  means  of  an  intermediate 
enolic  form,  the  formation  of  which  is  favoured  by  the  addition  of 
alkalis,  and  to  a  less  extent  by  the  addition  of  acids. 

S02-NH2  SOg-NHg 

CsHi3<M                  CsHi3<;i     2 
I              V^^     or       I  ^ 

SO2 NH  SO2 N 

In  the  case  of  the  7r-amide,  acetic  anhydride  in  the  presence  of  acid 
actually  causes  the  action  to  proceed  as  far  as  the  formation  of  an 
enolic  acetate,  but  the  -SOg'NHg  group  is  too  far  removed  to  take 
part  in  the  condensation. 

No  such  abnormal  behaviour  was  observed  in  the  case  of  the 
^-sulphonamides  derived  from  a-chloro-  and  a-bromo-camphor.  These 
showed,  on  the  addition  of  alkali,  a  regular  increase  of  solubility, 
comparable  with,  though  somewhat  larger  than,  that  observed  in  the 
case  of  bromocamphor-TT-sulphonamide.  No  separation  of  anhydramide 
took  place  from  the  solutions,  and  there  is  no  evidence  to  show  that 
the  solutions  contain  anything  but  the  stereoisomeric  a-  and  a- 
halogen-sulphonamides. 

In  the  case  of  the  a-bromo-^-sulphonamide,  experiments  were  made 
to  determine  the  probable  influence  on  its  solubility  of  the  a'-isomeride 
in  the  solution.  Two  series  of  measurements  were  made  of  the  solu- 
bility of  the  ^-sulplionamide  in  alcohol,  which  already  contained  1  per 
cent,  of  the  isomeric  7r-sulphonamide ;  in  each  case,  the  solubility  was 
raised  to  3 "10  per  cent.,  an  increase  of  1*10  per  cent.,  of  which  1  per 
cent.,  or  ten-elevenths  of  the  whole,  was  due  to  the  added  vr-sulphonamide 
and  0*10  per  cent.,  or  one-eleventh,  to  the  increased  solubility  of  the 
/S-sulphonamide.  In  this  case,  therefore,  in  spite  of  the  small  solubility 
of  the  substance,  there  is  a  slight  increase  of  solubility  in  presence  of 
an  isomeride.  If  the  same  correction  be  applied  to  the  solubility  of 
a-bromocamphor-/3-sulphonamide  in  presence  of  the  a'-isomeride,  the 
solubility  ratio  0641  would  represent  a  proportion  0673,  or  approxi- 
mately two-thirds  of  the  a-form  in  the  solution.  In  the  case  of  the 
a-chlorosulphonamide,  the  solubility  ratio  0*721  probably  corresponds 
to  a  proportion  0-74  to  0*75,  or  roughly  three-quarters  of  the  a-form  in 
the  solution. 
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A  long  series  of  experiments  showed  that  a  small  but  definite 
increase  of  solubility  is  brought  about  by  the  action  of  alkali  on  the 
anhydramides  derived  from  a-chlorocamphor  and  from  a-bromocamphor  ; 
in  the  former  case,  the  solubility  increases  from  1"28  to  1*56  per  cent, 
in  the  ratio  0820  : 1,  and  in  the  latter  case  from  2*51  to  2'71  per  cent, 
in  the  ratio  0926  : 1.  The  displacement  of  the  ketonic  oxygen  by 
nitrogen  therefore  does  not  prevent  isomeric  chaoge,  although  it 
greatly  reduces  the  proportion  of  the  isomeride  which  is  formed  in 
the  solution.     No  increase  of  solubility  was  observed  in  the  simple 

anhydramide,      |  y[     ,     nor       in      the       dibromoanhydramide, 

SO2 N 

I  ]-j       ,  and   the  increase  now  recorded  must  therefore   be  as- 

SOo N 

cribed,  as  in  previous  cases,  to  a  reversible  stereoisomeric  change. 
It  may  be  noted  that,  in  the  case  of  the  monohalogen  compounds,  an 
intermediate  isomeride  of  the  enolic  type  is  still  possible,  thus  : 

8      13^(^                          _^           8      13^(^                   ^  8      13V(>, 

I  I  I  < I  I  < I  I  I 

SO2 N  SO2 NH  SO2 N 

3.  Anilides. 

The  anilides  of  this  series  were  examined  in  the  hope  that,  since 
direct  anhydramide  formation  is  no  longer  possible,  they  would  exhibit 
the  simple  stereoisomeric  change  characteristic,  for  instance,  of 
a-bromocamphor-TT-sulphonamide.  Preliminary  experiments  showed 
that  the  anilides  were  too  soluble  readily  to  be  purified  or  used  for 
solubility  measurements.  j9-Bromoanilides  were  therefore  prepared 
from  a-bromo-  and  a-chloro-camphorsulphonic  acids.  It  was  accident- 
ally discovered  that  these  were  soluble  in  alkalis,  a  property  which  was 
shared  by  the  simple  anili  les  derived  from  a-bromo- and  from  a-chloro- 
camphor, but  not  to  any  marked  extent  by  the  anilide  or  jo-bromo- 
anilide  derived  from  camphor  itself.  The  alkaline  solutions  are  quite 
stable,  but  the  anilides  are  precipitated  as  a  curdy  mass  on  the  ad<U- 
tion  of  acids.  This  solubility  in  alkalis  appears  to  be  an  altogether 
exceptional  property,  and  is  best  explained  by  supposing  that  the 
a-substituted  anilides  are  capable  of  yielding  sodium  salts  derived  from 
the  hydroxy  lie  lactam  : 

C.H,3<9HBr                                          C3H,3<9»Br 
I'     ^^     CO                        — ^                 1^    '^     C-ONa. 
SO^-NH-CgH,  SO2 N-CeHs 
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It  is  not  easy  to  decide  whethei"  the  anilides  are  themselves  lactams 
or  not. 

(1)  No  evidence  has  been  obtained  of  mutarotation  in  freshly-prepared 
solutions  of  the  anilides,  nor  after  the  addition  of  acetic  acid  to  an 
alcoholic  solution  of  the  sodium  salt ;  it  is  therefore  probable  that  the 
solution  contains  only  a  single  form  of  the  substance  and  not  a 
mixture  of  isomerides  in  equilibrium. 

(2)  The  marked  difference  in  rotatoi"y  power  between  the  anilide 
and  its  sodium  salt  suggests  that  they  are  perhaps  differently  consti- 
tuted, the  sodium  salt  only  having  the  lactam  structure.  A  solution 
of  chlorocamphor-j9-bromoaDilide  gave  [aj^  +73"6°  in  neutral  solution, 
+  39'5°  in  presence  of  0"8  equivalents  of  sodium  ethoxide,  and  +29'2° 
only  in  presence  of  an  excess,  1"3  equivalents  of  alkali. 

(3)  The  fact  that  the  camphorsulphonanilides  do  not  yield  sodium 
salts  supports  the  view  that  the  anilides  are  not  themselves  lactams  ; 
it  is  clear  that  ring-formation  does  not  take  place  readily,  and  it  is 
therefore  unlikely  that  the  a-substituted  anilides  should,  in  the  absence 
of  alkalis,  pass  spontaneously  into  the  lactam  form. 

(4)  Although  soluble  to  a  considerable  extent  in  alkalis,  the  anilides 
dissolve  only  slowly,  and  behave  as  if  the  dissolution  involved  some 
change  beyond  the  mere  neutralisation  of  an  acid  by  a  base ;  their 
behaviour  suggests,  in  fact,  that  they  are  pseudo-acids  (Hantzsch),  that 
is,  neutral  compounds  which  only  become  acid  after  undergoing 
isomeric  change. 

(5)  The  /(-bromoanilides  derived  from  a-bromo-  and  from  a-chloro- 
camphor  do  not  show  any  increase  of  solubility  on  the  addition  of  a 
trace  of  alkali.  This  might  be  attributed  to  the  neutralisation  of  the 
alkali  by  the  anilide,  in  which  case  the  anilides  might  be  compared 
with  the  sulphonic  acids,  which  undergo  change  only  in  presence  of 
a  quantity  of  alkali  in  excess  of  that  required  for  neutralisation.  The 
observations  recorded  above  show,  however,  that  no  marked  alteration  of 
rotatory  power  follows  the  addition  of  an  excess  of  alkali  to  the  sodium 
salt.  The  case  appears,  therefore,  to  be  similar  to  that  of  nitrocamphor, 
in  which  the  formation  of  a  salt  affords  an  alternative  to,  and  thus 
effectually  prevents,  enolisation. 

In  view  of  the  fact  that  the  anilides  derived  from  a-bromo-  and 
a-chloro-camphor  show  no  increase  of  solubility  in  presence  of  alkalis, 
it  is  somewhat  remarkable  that  those  derived  from  camphor  show  a 
distinct  change.  Although  the  increase  in  concentration  amounts  only 
to  O'l  per  cent.,  it  was  clearly  established  by  some  thirty-five  measure- 
ments of  the  solubility  of  the  anilide  and  of  the  ^;-bromoanilide. 
Various  possibilities  of  isomeric  change  might  be  suggested,  but  there 
is  not  sufficient  evidence  to  permit  of  any  definite  conclusion  as  to  the 
nature  of  the  change  which  takes  place. 
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a-ChlorocamplMr-fi-sulphonanilide  melts  at  97°,  has  specific  rotation 
[ajo  +  79"  (in  alcohol),  and  is  reduced  by  zinc  dust  and  acetic  acid 
to  camphorsulphonanilide,  melting  at  119°.  The  partially  purified 
material  was  decolorised  by  dissolving  in  alkali,  filtering,  and  preci- 
pitating with  acids.  Like  the  a-bromo-compound,  it  crystallises  from 
alcohol  in  a  dense  mass  of  felted  needles. 

a-Chlwocamphor-P-suljiho-T^-hronioanilide  (0*2145  gave  0*1686  AgCl  + 
AgBr,  CI  +  Br  =  27-39  ;  CieH^gOgNClBrS  requires  CI  +  Br  =  27*44  per 
cent.)  melts  at  115°.  It  was  purified  by  dissolving  in  alkali  and  pre- 
cipitating with  acid  ;  the  curdy  mass  was  obtained  in  a  crystalline 
form  by  covering  it  with  cold  methyl  alcohol,  in  which  it  quickly  dis- 
solved and  separated  again  in  crystals  in  the  course  of  a  few  minutes. 
It  was  fiii-ther  purified  by  crystallising  from  alcohol,  from  which  it 
separates  in  rectangular  tablets  with  truncated  edges.  It  was  reduced 
by  zinc  dust  and  acetic  acid  to  the  camphor -/3-sulpho-p-bromoanilide 
melting  at  167°. 

a-Bromocam]yhor-P-sulj)ho-T^-hromoanilide  (0*1625  gave  0*1321  AgBr, 
Br  =  34*6  ;  CjgH^gOgNBi-gS  requires  Br  =  34*4  per  cent.),  prepared  from 
bromocamphorsulphochloride  and  ^-bromoaniline  and  from  bromo- 
camphorsulphonanilide  and  bromine,  melts  at  95°  and  resembles  the 
preceding  compound. 

4.  Piperidides. 

The  existence  of  isomeric  piperidides  derived  from  camphorsulphonic 
acid  has  already  been  clearly  established  (Armstrong  and  Lowry, 
Trans.,  1902,  81,  1449),  but  at  that  time  only  a  single  a-bromo- 
piperidide  could  be  prepared,  namely,  that  derived  from  the  camphor- 
piperidide  of  high  melting  point.  In  the  course  of  the  present  investi- 
gation it  was  found  that  when  the  a-bromopiperidide  was  prepared  by 
the  Schotten-Baumann  method,  using  aqueous  piperidine  instead  of  an 
ethereal  solution,  an  isomeric  compound  of  low  melting  point  was 
produced.  It  is  probable  that  in  the  Schotten-Baumann  method  of 
preparation  the  interaction  proceeds  normally,  giving  rise  to  the  true 
piperidide  I ;  in  ethereal  solution,  the  piperidine  probably  combines 
with  the  carbonyl  group,  hydrogen  chloride  is  subsequently  eliminated, 
and  the  piperido-lactone  II  is  produced. 

I.  •?»«'<6r^  ^-  ^»^'<6r'  -^ 

SOg'NCfiH^o  SOa-Cl 


p^     /CHBr  p„      XHBr 


C-NCHjo,     11. 
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The  conclusion  thus  arrived  at,  that  the  compounds  of  low  melting 
point  are  the  true  piperidides,  whilst  the  high  melting  compounds 
are  piperido-lactones,  is  in  accord  with  the  rise  of  melting  point  which 
accompanies  ring  formation  when  the  amides  are  converted  into 
anhydramides. 

Both  bromopiperidides  show  a  marked  increase  of  solubility  in 
presence  of  alkalis,  the  ratio  of  the  initial  to  the  final  solubility  being 
2  :  3  approximately  in  each  case.  This  increase,  which  does  not  occur 
in  the  case  of  camphor  piperido-lactone,  must  be  attributed  to  stereo- 
isomeric  change,  and  probably  involves  the  opening  of  the  lactone 
ring.  It  should  be  noted  that  whilst  both  bromopiperidides  are  readily 
converted  into  isodynamic  stereoisomerides,  they  are  not  convertible 
into  one  another  either  by  the  action  of  acids  or  of  alkalis.  Owing 
to  the  small  quantity  of  pure  material  available,  the  densities  and 
rotatory  powers  of  the  saturated  solutions  were  not  determined. 

Camphor-j3-sulphopiperidide,  provisionally  described  (loc.  cit.)  as  iso- 
camphorsulphopiperidide  (?),  melts  at  56°. 

Camphor-13-sulphopiperidolactone,  provisionally  described  as  camphor- 
sulphopiperidide  (?),  melts  at  140°. 

a-B7'07nocam])hor-ft-sulphopiperidide  (0-2958  gave  0*1479  AgBr, 
Br  =  21-28  ;  C^sHg^OgNBrS  requires  Br  =  2M4  per  cent.)  melts  at  75° 
and  crystallises  from  alcohol,  or,  when  pui*e,  from  light  petroleum. 
From  the  latter  solvent  it  separates  in  small,  orthorhombic  prisms, 
a:6:c=M12:l  :l-095. 


Fig.  2. 


rr   101  :  101       (12)       90°52'  — 
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118°41' 

(118°42'j 

a-£romocamphor-f3-sulphopiperidolactone,      formerly 
a-l)romocamphorsulphopiperidide,  melts  at  123°. 


described      as 


SummarTj. — (1)  In  continuation  of  the  work  described  in  the 
previous  paper,  measurements  have  been  made  of  the  solubility  of 
twenty  sulphonic  derivatives  of  camphor  in  neutral  and  alkaline 
solutions. 

(2)  The  amide  of  bromocamphor-7r-suIphonic  acid,  an  acid  which  has 
been  shown  by  Kipping  to  undergo  stereoisomeric  change  in  presence 
of  a  trace  of  free  alkali,  increases  in  solubility  from  11  "6  to  13'6  per 
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cent,  in  the  ratio  0"853  :  1  when  alkali  is  added  to  the  alcoholic  solu- 
tion. An  acetyl  derivative  prepared  from  the  sulphonamide  shows 
no  increase,  and  is  therefore  formulated  as  the  enolic  acetate, 

NH2-S02-C3H,3<M^^^. 

(3)  The  potassium  salts  of  a-bromocamphor-  and  a-clilorocamphor-j8- 
sulphonic  acids  show  a  marked  increase  of  solubility  when  ammonia  is 
added  to  the  aqueous  solutions,  and  therefore  (like  the  isomeric 
TT-acids)  exist  in  stereoisomeric  forms ;  the  a'-salts  are  lajvorotatory. 

(4)  In  presence  of  a  trace  of  sodium  ethoxide  camphor-^-sulphon- 
amide  is  converted  quantitatively  in  cold  alcoholic  solution  into  the 
anhydramide ;  this  is  remarkable,  as  the  amide  crystallises  unchanged 
from  boiling  acetic  anhydride. 

(5)  The  /3-sulphonamides  of  bromocamphor  and  chlorocamphor,  like 
the  TT-compound,  show  an  increased  solubility  in  alkaline  solution 
owing  to  stereoisomeric  change,  but  are  not  converted  into  anhydr- 
amides. 

(6)  The  yS-sulphonanilides  derived  from  bromocamphor  and  chloro- 
camphor are  soluble  in  alkalis,  owing  probably  to  the  formation  of 

•    .  .  C,H„<9™r 

salts  derived  from  the  isomeric  lactam,  for  example,    l  C'ONa. 

Owing  to  the  formation  of  these  compounds,  the  anilides  are  not 
converted  into  stereoisomerides  by  the  action  of  alkalis.  Three  new 
anilides  are  described. 

(7)  Isomeric  piperidides  derived  from  bromocamphor-/3-sulphonic 
acid  are  described,  corresponding  with  those  prepared  from  camphor- 
sulphonic  acid.     These  are  formulated  as  the  piperidide  and  piperido- 

lactone,     C5HioN-S02-CsHi3<  I  ^  and     1'    ^'^C-NCsH^o ;    both 

SO2 O 

compounds  undergo  stereoisomeric  change  in  presence  of  alkalis. 

AVestminster  Training  College, 
London,  S.W. 
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CVIII. — Tnjluence  of  Substitution  on  the  Formation  of 
Diazocmiines  and  Aminoazo-compounds.     Part    V. 
B-Dimethyl-i  :  Q-diamino-vci-xylene. 

By  Gilbert  Thomas  Morgan  and  Arthur  Clayton,  B.Sc. 

The  experiments  described  in  the  earlier  communications  of  this  series 
have  shown  that  the  formation  of  aminoazo-compounds  can  occur  with 
primary  aromatic  meta-diamines  containing  substituents  in  both  the 
para-positions  with  respect  to  the  amino-groups,  although  the  reaction 
takes  place  less  readily  than  when  one  of  these  para-positions  is  still 
unoccupied  (Trans.,  1902,  81,  86  ;  1905,  87,  935,  944). 

One  of  the  authors  having  found  that  the  complete  alkylation  of  the 
two  amino-groups  in  a  dipara-substituted  meta-diamine  inhibits  the 
production  of  an  azo-derivative  (Trans.,  1902,  81,  656),  the  investiga- 
tion was  extended  to  the  partially  alkylated  derivatives  in  order  to 
ascertain  what  effect  the  progressive  alkylation  of  these  bases  has  on 
the  course  of  the  azo-condensation.  In  the  present  instance,  the  case  of 
a  symmetrically  dialkylated  meta-diamine  has  been  examined,  the 
base  chosen  for  this  purpose  being  ^&-dimethyl-i  :  Q-diamino-m.- 
xylene : 

NH-CHg 


CH 

CH3 

4 : 6-Diamino-7H-xylene,  the  starting  point  of  this  research,  was 
prepared  in  the  manner  formerly  indicated  (Trans.,  1902,  81,  92)  and 
transformed  by  means  of  the  Schotten-Baumann  reaction  into 
s-dibenzenesulphonyl-4:  :  Q-diamino-va.-xylene, 

C,H,(CH3)2(NH-S02-CeH,)2, 
which,  when  crystallised  repeatedly  from   dilute  alcohol  or  acetone, 
separated  in  prismatic  needles  melting  at  176°. 

0-4165  gave  253  c.c.  nitrogen  at^21°  and  764  mm.     N  =  6-95. 
^20^20^4-^2^2  I'equires  N  =  6'73  per  cent. 

This  compound  is  readily  soluble  in  aqueous  alkalis,  and  is  pre- 
cipitated from  solution  by  dilute  acetic  acid. 
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&-Dihenzenesulphonyldimethyl-i  :  6-diamino-va-xylene, 

N(CH3).S0,-C,H, 


'  '         .N(CH3)-SO,.CeH5 


CH3 

The  foi'egoing  compound  was  readily  methylated  when  boiled  for  six 
hours  in  alcoholic  solution  with  sodium  hydroxide  (2 '5  mols.)  and 
methyl  iodide  (3  mols.),  the  latter  reagent  being  added  gradually. 
The  clear  sokition  thus  obtained  when  left  overnight  furnished  a 
deposit  of  hard,  nodular  crystals  ;  when  recrystallised  from  alcohol,  the 
compound  separated  in  colourless  crystals  and  melted  at  196 — 197°. 

0-2857  gave  0-3115  BaSO^.     S  =  14-97. 

0-3401     „     20-0  c.c.  nitrogen^at  23°  and  764  mm.     N  =  6-66. 
C22H2^0^N'2S.  requires  S  =  14-41  ;  N  =  6-31  per  cent. 

This    dimethylated    sulphonyl    derivative    was  quite    insoluble    in 

aqueous  alkalis,  and  the  amount  which  separated  from  the   alcoholic 

solution    used    in    the    methylation    was    90 — 95  per    cent,     of    the 
calculated  quantity. 

s-Di7nethyl-4:  :  6-diamino-ra-xylene. 

After  many  unsuccessful  attempts  to  hydrolyse  the  preceding  com- 
pound with  alcoholic  hydrochloric  acid,  it  was  found  that  this  reaction 
was  most  readily  effected  by  heating  the  substance  with  concentrated 
hydrochloi-ic  acid  (15  parts)  in  sealed  tubes  at  160°  for  five  hours. 
The  temperature  requires  careful  regulation,  as  at  180°  decomposition 
sets  in.  In  these  experiments  it  is  important  to  use  highly  purified 
dibenzenesulphonyldimethyl-4  :  6-diamino-m-xylene,  otherwise  tarry 
by-products  are  formed  even  at  temperatures  lower  than  that  required 
to  effect  the  hydrolysis.  The  resulting  solution  was  concentrated  and 
rendered  ammoniacal,  when  s-dimethyl-4 : 6-diamino-»ft-xylene  was 
precipitated,  the  yield  being  about  60  per  cent,  of  the  calculated 
amount.  After  crystallisation  from  light  petroleum  (b.  p.  60 — 80°), 
the  new  diamine  was  obtained  in  the  form  of  colourless  plates  melting 
at  100 — 101°.  A  mixture  of  this  substance  with  the  original  4  :  6- 
diamino-m-xylene  (m.  p.  104°)  melted  at  about  80°.  A  complete 
analysis  confirmed  the  composition  of  the  dimethylated  diamine. 

0-1758  gave  0-4712  CO^  and  01 572  H.O.     0  =  73-07  ;  H  =  9-94. 
0-1731     „     25-5  c.c.  nitrogen  at  15°  aiid  750  mm.     N  =  17-03. 
CioHiflNa  requires  0  =  78-17  ;  H  =  9-76  ;  N  =  17-07  per  cent. 
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The  new  diamine  dissolved  readily  in  ether,  and  the  solution  slowly 
deposited  colourless,  flattened,  rectangular  prisms,  of  teu  of  considerable 
size.  When  carefully  recrystallised,  the  dried  base  was  fairly  per- 
manent, and  did  not  become  appreciably  coloured  on  exposure  under 
atmospheric  conditions.  Impure  specimens,  however,  rapidly  assumed 
a  green  tint,  and  when  subsequently  extracted  with  light  petroleum 
the  colouring  matter  was  left  as  an  insoluble  green  powder. 

s-Dimetfiyl-4:  :  6-dinitrosoamino-m.  xi/lene, 
N(CH3)-N0 

I       l-N{CH,)-NO 
CH3 

In  order  to  obtain  further  evidence  for  the  structural  formula 
ascribed  to  the  foregoing  diamine,  its  hydrochloride  was  subjected  to 
the  action  of  nitrous  acid.  When  aqueous  sodium  nitrite  (2  5  mols.) 
was  slowly  added  to  a  solution  of  the  base  in  excess  of  cold  dilute 
hydrochloric  acid,  a  white,  pulverulent  precipitate  separated,  which 
was  quite  insoluble  in  aqueous  solutions  of  the  mineral  acids.  This 
product  crystallised  readily  from  alcohol  or  light  petroleum  (b.  p. 
60 — 80°)  and  separated  in  aggregates  of  very  pale  yellow,  transparent, 
rectangular  plates  melting  at  76 — 77°. 

0-1298  gave  28-8  c.c.  nitrogen  at  20°  and  758  mm.     N  =  25-32. 
CjoHj^OgN^  requires  N  =  25-22  per  cent. 

s>- Dimethyl-^  :^-dinitrosoamino-va.-xylene  gave  intense  colorations 
in  all  the  phases  of  the  Liebermann  reaction,  thus  behaving 
as  a  typical  nitrosoamine.  It  is  noteworthy  that  this  dinitroso- 
amine,  which  contains  substituent  (CHg)  groups  in  both  para- 
positions  to  the  aminic  nitrogen,  is  very  nearly  colourless, 
whereas  its  lower  homologues  containing  free  para-positions  are 
generally  described  as  coloured  compounds,  the  prevailing  colour 
being  yellow. 

Action  of  Diazo-compounds  on  sDimethyl-4:  :  Q-diamino-m-xylene. 

When  a  piece  of  cotton  cloth  impregnated  with  diazotised  primuline 
was  immersed  in  a  cold  dilute  aqueous  solution  of  s-dimethyl-4  :  6- 
diamino-m-xylene  and  kept  in  the  dark,  an  ingrain  azo-colour  was 
slowly  produced,  the  fabric  acquiring  a  reddish-brown  shade.  This 
indication  of  the  production  of  an  azo-derivative  was  confirmed  by  the 
following  experiment. 
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One  molecular  proportion  of  ;>-nitraniline  was  dissolved  in  a  cooled 
mixture  of  concentrated  acetic  and  hydrochloric  acids  and  carefully 
diazotised  with  the  calculated  amount  of  aqueous  sodium  nitrite  (20 
per  cent.).  The  diazo-solution,  after  dilution  with  ice-cold  water,  was 
poured  into  a  cold  solution  of  s-dimethyl-4  :  6-diamino-m-xylene  in 
dilute  hydrochloric  acid.  No  change  occurred  until  excess  of  aqueous 
sodium  acetate  was  added,  when  a  yellow  precipitate  appeared,  which 
rapidly  assumed  a  brownish-red  colour.  After  eight  hours,  this  pre- 
cipitate was  collected,  washed  with  water,  dried  on  porous  tile,  and 
then  repeatedly  extracted  with  benzene.  These  extracts,  when  con- 
centrated, yielded  a  crystalline  substance,  which,  when  dry,  had  a 
reddish-grey  colour.  This  product,  when  recrystallised  from  benzene, 
gave  dark  red  needles  mixed  with  a  pale  red,  powdery  substance.  The 
dark  red  crystals  were  separated  mechanically  and  found  to  melt  at  2 18°. 
The  light  red  compound,  which  also  melted  at  218°  when  dissolved  in 
benzene,  slowly  separated  in  the  darker  form.  These  two  substances 
do  not  depress  each  other's  melting  points,  and  are  therefox'e  modifica- 
tions of  the  same  chemical  compound,  which  has  the  composition  and 
properties  of  'p-nit7'obenzene-5-azodimethyl-4:  :  '6-diami)io-in.-xylene, 

NH-CHg 


CHg-/    Y^2'Cf.H4-N02 


■NH-CHg 
CH3 

0-0895  gave  16-8  c.c.  nitrogen  at  20°  and  770  mm.     N'  =  21-76. 
CjgHjgO.^lSrg  requires  N  =  22-36  per  cent. 

This  azo-derivative  developed  a  reddish-orange  coloration  with  cold 
concentrated  sulphuric  acid,  in  this  respect  resembling  the  other 
o-aminoazo-derivatives  of  the  meta-diamine  series. 

The  yield  of  the  product  in  this  instance  was  very  small,  being  only 
about  10  per  cent,  calculated  on  the  weight  of  the  diamine. 

The  residue  insoluble  in  benzene  when  heated  with  concentrated 
hydrochloric  acid  in  the  volumeter  evolved  nitrogen,  the  amount  of 
gas  corresponding  with  about  25  per  cent,  of  a  diazoamino-compound. 

The  light  yellow  colour  of  the  original  precipitate  produced  by  the 
addition  of  sodium  acetate  to  the  mixed  solutions  of  diamine  and 
diazonium  salt  also  points  to  the  initial  production  of  a  diazoamine. 
In  all  probability  the  reaction  involving  the  formation  of  the  azo- 
derivative  takes  the  following  course  : 

C6H2Me2(NHMe).,  -^  NHMe-CgHgMea-NMe-Na-CeH^-NOg  --> 

N02-06H4-N2-CeHMe2(NnMe)2 ; 
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this  change,  however,  is  accompanied  by  the  formation  of   ill-defined 
by-j^roducts. 

Interaction  of  •^-Nitrohenzenediazonium    Chloride   and   5-5?'omo-as(4)- 
dimetliyl-1  :  ^-diaminotoluene. 

The  product  of  this  interaction  was  previously  stated  (Trans.,  1905, 
87,  946)  to  contain  a  diazoamine  and  an  aminoazo-compound.  Further 
evidence  has  now  been  obtained  by  extracting  the  dried  mass  with 
benzene  and  recrystallising  the  more  soluble  portion. 

After  three  fractional  crystallisations  from  this  solvent,  a  compound 
was  obtained  crystallising  in  small,  reddish-brown  leaflets  and  melting 
with  decomposition  at  162°,  which  gave  the  following  results  on 
analysis : 

0-0970  gave  16-4  c.c.  nitrogen  at  20°  and  769  mm.     N-  19-5. 
0-0945     „     0-0464  AgBr.     Br  =  20-84. 

CigH^eOgNgBr  requires  N=  18-5  ;  Br  =  21-16  per  cent. 

These  data  corresponded  with  an  azo-compound  having  the  formula 
N02-C6H4-N2-C6HBr(CH3)[N(CH3)2]-NH2,  but  the  amount  at  our 
disposal  was  too  small  for  more  detailed  examination.  With  cold 
concentrated  sulphuric  acid  the  substance  developed  a  brownish- 
orange  coloration. 

The  residue  from  the  benzene  extracts  had  a  light  brown  colour  and 
gave  the  magenta  coloration  with  alcoholic  potash  characteristic  of  a 
pnitrodiazoamine,  but  it  was  not  found  possible  to  obtain  this 
compound  in  a  crystalline  form.  A-bromine  estimation  of  the  crude 
uncrystallised  product  showed  that  this  contained  an  amount  of  the 
halogen  approximating  to  that  required  for  a  diazoamine, 

N02'CgH^-N2-NH-CgH2Br(CH3)-N(CH3)2, 
derived   from  jo-nitrobenzenediazonium    chloride    and    5-bromo-as(4)- 
dimethyl-2  :  4-diamino-?>i-xylene. 

These  i-esults  show  that  the  dimethylation — both  symmetrical  and 
unsymmetrical — of  a  dipara-substituted  meta-diamine  greatly  hinders, 
but  does  not  entirely  prevent,  the  introduction  of  a  diazo-residue  into 
the  aromatic  nucleus  of  the  diamine,  and  in  both  cases  there  was 
evidence  of  the  formation  of  a  diazoamine. 

Royal  College  of  Science,  London, 
South  Kensington,  S.W. 
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CIX. — Ammonium     Selenate     and     the    Question    of 
Isodimorphism  in  the  Alkcdi  SeHes. 

By  Alfred  Edwin  Howard  Tdtton,  M.A.,  D.Sc.  (Oxon.),  F.R.S. 

Ammonium  selenate  was  not  included  in  the  scope  of  the  author's  last 
communication  (Trans,,  1905,  87,  1188)  on  the  topic  parameters  of 
the  alkali  sulphates  and  selenates,  inasmuch  as  it  had  not  been  found 
possible  to  prepare  rhombic  crystals  of  this  salt  isomorphous  with 
those  of  ammonium  sulphate  and  the  sulphates  and  selenates  of  potass- 
ium, rubidium,  and  caesium.  In  the  year  1862,  Victor  von  Lang 
published  {Sitzungsber.  K.  Akad.  Wiss.  Wien,  45,  ii,  109)  a  description 
of  rhombic  crystals  of  ammonium  selenate,  prepared  by  von  Hauer, 
Isomorphous  with  those  of  ammonium  sulphate,  and  mentioned  also 
some  thin  needles  having  a  prism  angle  of  42°55',  which  were  optically 
different  from  the  rhombic  crystals. 

Fig.   1   is  a  copy  of  von  Lang's  drawing  of    the  rhombic  crystals 
with  modernised  symbols. 


Ten  years  later,  Topsoe  {Arch,  des  Sciences  j^hys.  et  nat.,  Geneve, 
1872,  45,  80)  prepared  the  salt  by  the  saturation  of  selenic  acid  with 
ammonia,  and,  by  allowing  the  solution  to  evaporate  spontaneously, 
obtained  prismatic  and  tabular  crystals  belonging  to  the  monoclinic 
system,  but  no  rhombic  crystals  as  described  by  von  Lang.  He  con- 
cluded, therefore,  that  ammonium  selenate  is  dimorphous,  but  that 
the  conditions  for  the  production  of  the  rhombic  form  are  unknown. 

The  possibility  of  isodimorphism  in  the  various  series  of  salts  of 
potassium,  rubidium,  caesium,  and  ammonium  has  recently  been  dis- 
cussed by  Gossner  {Zeit.  Kryst.  Min.,  1905,  40,  69).  It  frequently 
happens  that  the  corresponding  salts  of  the  same  acid  crystallise 
differently  under  ordinary   conditions.       Thus,    Gossner  had    already 
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shown  (ibid.,  1904,  39,  381)  that  ammoniiita  hydrogen  sulphate  and 
potassium  hydrogen  sulphate  crystallise  in  quite  different  forms  of  the 
rhombic  system.  The  change  or  gap  occurs  between  the  potassium 
and  the  rubidium  salts  in  the  double  uranyl  nitrates  investigated  by 
Sachs  (ibid.,  1904,  38,  496),  the  potassium  salt  being  rhombic  and  the 
rubidium  and  csesium  salts  rhombohedral,  whilst  it  occurs  between 
the  rubidium  and  caesium  salts  in  the  double  chlorides  with  ferric 
chloride  investigated  by  Gossner  in  the  memoir  now  under  discussion. 
In  every  case,  however,  in  which  the  members  of  the  series  on  both 
sides  of  the  gap  have  been  crystallised  from  mixed  solutions,  the 
missing  form  has  been  discovered  in  the  mixed  crystals.  Gossner 
concludes,  therefore,  that  "  die  entsprechenden  Salze  von  ISTH^,  K,  Kb,  Cs 
bilden  immer  eine  isomorphe  Gruppe,  zeigen  jedoch  auffallend  haufig 
die  Erscheinung  der  Isodimorphie,  In  reinem  Zustande  ist  meist  nur 
die  eine  Modification  f  iir  ein  Salz  bekannt ;  in  isomorphen  Mischungen 
ist  jedoch  die  fehlende  zweite  Modification  immer  nachzuweisen." 


Preparation  of  the    Pure    Salt   and    Crystallisation   under    Different 

Conditions. 

The  salt  was  prepared  by  saturating  pure  selenic  acid  obtained  from 
Merck,  diluted  with  an  equal  bulk  of  water  and  contained  in  the  three 
bulbs  of  a  U -absorption  tube,  with  ammonia  gas  obtained  by  gently 
warming  an  ammonia  solution  of  0"880  sp.  gr.  The  reaction  is 
accompanied  by  considerable  evolution  of  heat.  The  salt  is  nearly 
twice  as  soluble  in  water  as  ammonium  sulphate,  and  is,  indeed, 
remarkably  deliquescent ;  moreover,  the  satux'ated  solution  is  highly 
viscous. 

Four  different  preparations  were  made  of  about  25  grams  of  the 
pure  salt  in  each  case.  The  filtei'ed  solutions  were  concentrated  to 
saturation  or  supersaturation  and  allowed  to  crystallise,  either  as  a 
whole  or  after  subdivision,  under  the  following  different  conditions  : 
(1)  spontaneously  in  the  oj^en  air  of  the  laboratory ;  (2)  in  a  desiccator 
over  concentrated  sulphuric  acid  at  the  ordinary  atmospheric  pressure ; 
(3)  over  concentrated  sulphuric  acid  in  a  vacuum  ;  (4)  at  a  warm 
summer  temperature  under  the  three  previous  conditions  ;  (5)  similarly, 
at  a  cold  winter  temperature ;  (6)  at  the  temperature  of  a  freezing 
mixture  of  ice  and  salt ;  (7)  at  a  temperature  of  70°  after  saturation 
at  100° ;  (8)  at  the  ordinary  temperature  after  dropping  into  the 
solution  a  crystal  of  ammonium  sulphate. 

In  every  instance,  monoclinic  crystals  only  were  deposited  of  the 
characters  detailed  in  the  latter  portion  of  this  communication  and 
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corresponding  to  the  brief  description  of  Topsoe.  Determinations  of 
selenium,  by  reduction  with  hydrochloric  acid  and  sulphur  dioxide, 
proved  that  they  consisted  of  pure  anhydrous  neutral  ammonium 
selenate.     In  case  (8),  the  crystal  of  ammonium  sulphate  dissolved. 

The  effect  of  employing  a  different  solvent  was  also  tried.  Alcohol 
and  acetone  do  not  appreciably  dissolve  the  salt,  but  glacial  acetic 
acid  is  a  good  solvent.  From  this  solution  there  were  only  monoclinic 
crystals  deposited,  of  similar  habit  and  angles  to  those  deposited  from 
water. 

Hence  all  efforts  to  obtain  the  rhombic  variety  of  ammonium 
selenate  failed. 


Mixed  Crystals, 

(a)  Ammonium  Selenate  and  Sulphate. — Two  solutions  were  prepared, 
containing  equal  molecular  quantities  of  the  two  salts  in  one  case  and 
two  molecular  proportions  of  the  selenate  to  one  of  the  sulphate  in  the 
other.  In  both  instances,  rhombic  crystals  resembling  those  of  the 
sulphate  were  deposited  on  evaporation  or  cooling,  and  in  the  case  of 
the  solution  containing  equal  molecular  equivalents  these  were  the 
sole  product  obsei'ved.  In  the  case  of  the  other  solution,  however, 
monoclinic  crystals  resembling  those  of  ammonium  selenate  were 
also  deposited.  The  composition  of  the  crystals  of  several  crops 
derived  from  each  of  the  two  solutions  was  investigated  by  the 
immersion  specific  gravity  method,  using  as  liquid  a  mixture  of 
methylene  iodide  and  benzene. 

The  specific  gravity  of  ammonium  sulphate  crystals  at  20°/4°  has 
been  shown  by  the  author  to  be  1-772  (Trans.,  1905,  87,  1187).  That 
of  pure  ammonium  selenate  (monoclinic)  at  the  same  temperature  will 
be  shown  later  in  this  communication  to  be  2 "194. 

Rhombic  crystals  from  solution  of  equal  molecules. 

Sp.  gr.  at  2074°  :  Crop  1,  1-813.     Crop  2,  1-822. 

These  values  correspond  to  crystals  containing  respectively  9-7  and 
11-8  per  cent,  of  ammonium  selenate. 

The  crystals  of  these  and  several  other  crops  were  goniometrically 
investigated  and  found  to  resemble  strongly  those  of  ammonium 
sulphate,  the  angles  being  within  3'  of  those  for  that  salt. 

Crystals  from  solution  of  (NHJ^SO^  +  2(NH4)2Se04. 

The  first  crop  of  crystals  was  not  well  formed,  but  the  second  was 
quite  good,  and  the  two  kinds  of  crystal  deposited  gave  the  following 
densities : 

4  A  2 
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(1)  Rhombic  tabular  crystals,  similar  in  character  to  those  derived 
from  the  solution  of  equal  molecules,  sp.  gr,  at  20°/4'  =  1'84Q. 

(2)  Monoclinic  crystals,  elongated  prisms  like  those  illustrated 
later  in  Fig.  4,  sp.  gr.  at  2074°  =  2-066. 

These  densities  correspond  to  crystals  containing  respectively  16'1 
and  69' 7  per  cent,  of  ammonium  selenate. 

Four  successive  crops  were  investigated,  and  always  found  to 
consist  of  rhombic  plates  and  bundles  of  radiating  monoclinic  prisms 
showing  angles  very  close  to  those  of  pure  ammonium  selenate. 

Twins  were  also  observed  of  the  kind  described  later  for  the  pure 
salt. 

(b)  Ammonium  and  Potassium  Selenates. — A  solution  of  equal 
molecular  proportions  deposited  only  rhombic  mixed  crystals  of  the 
type  of  those  of  potassium  selenate  and  showing  similar  angles : 
sp.  gr.  at  2074°  =2-793.  As  that  of  potassium  selenate  is  3-067,  the 
crystals  apparently  contained  31-4  per  cent,  of  ammonium  selenate. 

(c)  Ammonium  and  Rubidium  Selenates. — A  solution  of  equal 
molecular  proportions  of  these  salts  also  deposited  only  rhombic  mixed 
crystals  similar  in  type  and  angles  to  those  of  rubidium  selenate : 
sp.  gr.  at  2074°  =  3-160,  corresponding  to  43-4  per  cent,  content  of 
ammonium  selenate  (sp.  gr.  of  pure  E.b2Se04  =  3-902).  A  second 
solution  containing  two  molecular  proportions  of  ammonium  selenate 
and  one  of  rubidium  selenate  also  yielded  only  rhombic  crystals.  Two 
crops  were  examined  :  the  first  had  a  sp.  gr.  of  2-891,  corresponding  to 
59-19  per  cent,  of  ammonium  selenate,  and  the  second  had  a  sp.  gr.  of 
2-858,  corresponding  to  61*12  per  cent.  The  latter  mixed  crystals  were 
of  perfect  form,  rectangular  tables  parallel  to  6{010},  bevelled  by  faces 
of  the  prisms  ^j{110}  and|y{130},  and  the  domes  §'{011}  and  9''{021} ; 
they  were  the  richest  in  ammonium  selenate  of  any  rhombic  crystals 
obtained.  The  ease  with  which  these  two  salts  crystallise  together 
is  doubtless  due  to  the  close  similarity  which  has  in  general  been 
shown  by  the  author  to  exist  between  the  structure  of  ammonium  and 
rubidium  salts,  as  indicated  by  their  closely  approximating  topic  axes. 


Reinvestigation  of  von  Lang's  Crystals. 

Having  had  the  good  fortune  to  make  the  personal  acquaintance 
of  Prof,  von  Lang,  the  author  communicated  to  him  the  main  result  of 
the  investigation.  Happily  the  identical  crystals  investigated  in  1862 
had  been  carefully  preserved,  and  Prof,  von  Lang  most  generously 
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forwarded  them  from  Vienna  to  the  author.  They  were  contained  in 
a  small  tube,  plugged  with  cotton  wool,  and  closed  by  a  tightly  fitting 
cork.  Their  condition  after  forty-four  years  was  still  sufficiently 
good  to  enable  most  valuable  observations  to  be  made  with  them, 
although  there  was  not  a  large  enough  quantity  to  enable  any  to  be 
used  for  analysis.  The  crystals  had  lost  many  of  their  edges  by 
deliquescence,  but  this  had  not  gone  too  far  to  prevent  reflections 
from  being  obtained  from  many  of  the  faces. 

The  majority  of  the  crystals  corresponded  precisely  to  the  rhombic 
type  described  by  Prof,  von  Lang,  but  besides  these  there  were  two  or 
three  of  the  thin  needles  to  which  he  also  refers.  The  best  preserved 
of  the  latter  and  several  of  the  rhombic  type  were  selected  for 
investigation.  Their  density  was  first  determined  by  the  immersion 
method  (using  methylene  iodide  and  benzene),  and  afterwards  they 
were  goniometrically  and  optically  examined.  The  results  of  the 
density  determinations  are  as  under  : 

Sp.  gr. 

at  2074° 

Rhombic  variety 2-0774 

Elongated  prism  (needle)  ...     2'1719 


(Sp.  gr.  of  pure  ammonium  sulphate,  r772,  and  of  ammonium 
selenate,  2  "194.)  Allowing  for  possible  deterioration  by  time  (internal 
deliquescence),the  needle  corresponded  remarkably  closely  in  density  to 
monoclinic  ammonium  selenate.  Subseqvient  goniometrical  examina- 
tion of  it  at  once  revealed  the  interesting  fact  that  it  was  identical 
crystallographically  with  the  monoclinic  variety  of  Topsde  and  the 
author.  The  elongated  prism  zone  was  the  zone  [acm],  which  has 
usually  been  the  predominating  zone  in  the  author's  preparations, 
giving  rise  to  long  prisms.  A  fairly  trustworthy  measurement  of 
ac  =  (100):  (001)  gave  the  angle  64°36',  another  of  cm  =  (001)  :  (201) 
gave  68°0',  and  a  third  of  am  =  (100) :  (20T)  yielded  47°20'.  These 
are  sufficiently  close  to  the  author's  mean  values  (see  table  on  p.  1067) 
for  these  angles,  64°3r,  68°27',  and  47°2',  to  enable  the  conclusion  to 
be  drawn  that  they  are  identical  with  the  monoclinic  variety.  The 
terminal  planes  forming  the  pointed  end  were  also  adequately  good  to 
enable  them  to  be  identified  as  those  of  the  monoclinic  primary  prism 
^>[110}  and  hemipyramid  o'{Tll}.  The  prism  angle  of  42°55',  which 
von  Lang  states  was  given  by  the  thin  needle  measured  by  him,  was 
doubtless  that  of  a  twin  prism,  which  the  author  finds  to  be  a  very 
common  form  and  which  has  a  theoretical  angle  of  43°  16'. 

The  best  crystal  of  the  rhpmbic  variety  was  a  rectangular  rhombic 
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plate,  and,  although  deliquescence  had  set  in  to  a  considerable  extent, 
measurements  were  obtained  which  proved  conclusively  that  the 
tabular  plane  of  the  crystal  was  the  brachypinacoid  5[010j,  that  the 
longer  edges  were  bevelled  by  faces  of  the  prism  {130}  inclined  at 
approximately  31°,  and  that  the  shorter  edges  (zone  at  right  angles  to 
the  one  just  referred  to)  were  bevelled  by  the  dome  {011}  inclined 
at  53|°  to  the  tabular  plane.  These  values  are  sufficient  to  identify 
the  crystal  with  one  of  those  measured  by  Prof,  von  Lang,  and 
confirm  the  rhombic  symmetry  and  similarity  to  ammonium  sulphate 
and  the  other  alkali  sulphates  and  selenates.  The  position  and  angles 
of  separation  of  the  optic  axes  were  determined  by  immersion  of  the 
crystal  in  oil  of  anise,  which  has  nearly  the  same  refractive  index. 
The  fi.rst  median  line  is  the  normal  to  c{001},  and  the  plane  of  the 
optic  axes  is  the  tabular  plane  5{010}.  The  true  angle  2Va  for  red  is 
55°36',  and  for  blue  58°54'.  Thus,  rhombic  ammonium  sulphate  and 
ammonium  selenate  have  an  identical  optic  axial  plane,  but,  as 
Prof,  von  Lang  says,  the  first  and  second  median  lines  are  inter- 
changed. 

As  regards  the  composition  of  Prof,  von  Lang's  crystals,  the 
densities  found  for  the  two  varieties,  even  allowing  for  considerable 
deterioration  due  to  age  and  deliquescence,  appear  to  indicate  that  the 
solution  from  which  they  were  grown  contained  some  admixed 
ammonium  sulphate.  If  there  were  no  deterioration,  the  density 
results  would  correspond  to  rhombic  crystals  containing  73  per  cent, 
of  ammonium  selenate  and  the  rest  of  sulphate,  and  to  monoclinic 
crystals  containing  95  per  cent,  of  ammonium  selenate.  But  this  is 
probably  an  exaggeration  of  the  degrees  of  impurity,  as  deterioration 
would  account  for  part  of  it.  The  results  afford,  however,  reason- 
able proof  that  there  was  some  isomorphous  impurity,  probably 
ammonium  sulphate,  as  this  is  the  only  salt  of  lower  density  in  the 
series,  and  that  the  greater  part  of  it  was  concentrated  in  the 
rhombic  crystals,  the  strict  isomorphs  of  the  impurity.  It  has  been 
shown  in  a  preceding  section  of  this  memoir  that  rhombic  mixed 
crystals  can  readily  be  obtained  when  33  per  cent,  of  a  rhombic 
salt  of  the  series  is  present  along  with  ammonium  selenate  in  the 
parent  solution,  and  as  rich  as  60  per  cent,  in  ammonium  selenate 
when  rubidium  selenate  is  the  second  salt. 
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Monoclinic  Variety  of  Ammonium  Selenate. 

An  estimation  of  selenium  in  1"0406  grams  of  the  crystals  by 
reduction  with  hydrochloric  acid  and  sulphur  dioxide  gave  Se  =  43*72 
percent.  The  calculated  percentage  for  (NH4).2Se04  is  Se  =  44' 16.  It 
was  found  somewhat  diiScult  to  precipitate  the  last  trace  of  selenium, 
Topsoe  also  obtained  43'7. 

Symmetry :  Monoclinic,  holohedral. 

Habit :  Prismatic  (even  acicular)  along  the  direction  of  the  sym- 
metry axis  or  tabular  parallel  to  the  basal  plane,  ortho-pinacoid,  or 
hemi-pyramid  o'{lll}. 

Type  of  Structure :  Pseudo-hexagonal,  primary  prism  zone  faces 
inclined  at  approximately  60°  (within  1°). 

Ratio  of  Axes  :  a:b:c=  1-8900  : 1  :  M987. 

Axial  Angle:  ^=64°31'. 

Forms  observed:  a{100},  cjOOl},  7n{20\},  2>{110},  /{310},  o{lll}, 
o'{Tll},  n{311}. 

Twinning :  Common,  on  a  plane  perpendicular  to  the  symmetry 
plane  and  to  the  normal  to  c{001},  the  latter  being  the  twin  axis. 

Cleavage  :  Three  directions,  parallel  to  o{100}  most  perfect,  cjOOlj 
next  in  order  of  perfection,  and  6{010}. 

The  spherical  projection  is  given  in  Fig.  2. 


adoo) 


Twenty-two  crystals  were  employed  in  the  goniometrical  work, 
selected  from  eleven  difleient  crops,  some  obtained  from  saturated 
solutions  placed  over  concentrated  sulphuric  acid  in  a  vacuum,  and 
some  over  sulphuric  acid  at  the  ordinary  pressure,  whilst  two  were 
from  strongly  supersaturated  solutions  exposed  to  the  ojjen  atmosphere. 
The  latter  method  only  yields  good  crj'stals  on  very  dry  days  owing 
to  the  rapid  deliquescence  of  the  crystals  in  moist  air. 
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The  prismatic  class  varied  from  thin  needles  to  solid  blocks,  such  as 
that  shown  in  Fig.  3,  but  were  very  commonly  of  the  intermediate 
character  shown  in  Fig.  4,  with  the  two  faces  belonging  to  each  form 
of  the  elongated  zone  developed  to  veiy  different  extents.  Certain  of 
the  crops  obtained  in  a  vacuum  yielded  thick,  tabular  crystals  of  the 
kind  illustrated  in  Fig.  5.      The  relative  development  of  faces  was 


r  r 


Fig.  3. 


Fig.  4. 


Fig.  5. 


so  varied  that  every  one  of  the  five  principal  forms  «{100},  c{001}, 
?n{201},  ^^{110},  o'{Tll}  was  observed  most  prominently  developed 
in  turn,  and  often  the  two  halves  of  the  same  crystal  were  differently 
developed. 

The  crystals  have  a  brilliant,  clear,  waxy  appearance,  and  are  very 
soft.     Their  saturated  aqueous  solution  is  very  viscous. 

The  results  of  the  measurements  are  presented  in  the  accompanying 
table. 

The  only  angular  value  given  by  Topsoo  is  that  for  ac,  which  is 
also  the  angle  between  the  oblique  axes,  and  which  he  found  to  be 
64°27'.  The  agreement  affords  adequate  proof  of  the  identity  of  the 
crystals. 

The  numerous  twins  are  characterised  by  the  elongated  ortho-prism 
zone  [acm]  showing  two  different  angles,  aa  50°58'  and  mm 
43°16',  on  different  sides  of  the  centre,  instead  of  the  two  equal 
angles  ecm  of  47°7'  of  the  single  crystal.  Also  the  ends  of  the 
elongated  prisms  show  re-entrant  angles,  the  value  between  the  two 
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approximated  |;-faces  of  the  two  individuals  being  25°8'  and  that 
between  the  two  o'-faces  of  different  individuals  61°24'.  Ke-entrant 
angles  are  also  frequently  shown  along  the  flatter  ridges  of  the  elongated 
prisms,  owing  to  thin  strips  of  the  next  normal  faces  of  each  single 
crystal  being  also  present.  Five  such  twins  were  measured  and  the 
values  observed  for  these  four  twin  angles  were,  on  the  average, 
within  4'  of  the  calculated  values  just  enumerated.  Fig.  6  will  render 
the  construction  of  the  twins  clearer,  the  plane  of  projection  being  the 
symmetry  plane,  as  in  the  case  of  the  spherical  projection  of  the 
normal  single  crystals  given  in  Fig.  2.  It  is  as  if  a  single  crystal 
were  cut  through  along  a  plane  parallel  to  c{001}  and  perpendicular  to 
the  symmetry  plane  of  projection,  and  one-half  were  then  I'otated  for 
180°  about  the  normal  to  c{001}  as  twin  axis. 


Morphological  Angles  of  Monoclinic  Ammonium  Selenate. 


Angle  measured. 

No,  of 
measure- 
ments. 

Limits. 

Mean 
observed. 

Calcu- 
lated. 

Difference. 

r  «c    =(100)  :  (001) 

40 

64°22'— 64°44' 

64°31' 

* 

\  cm  =(001)  :  (201) 

39 

68  11—68  42 

68  27 

68°22' 

5' 

[  ma  =(201)  :(100) 

31 

46  40  —47  29 

47    2 

47    7 

5 

C  ap'  =(100)  :  (310) 
p'p  =(310)  :  (110) 

4 

29  27  —29  49 

29  36 

29  38 

2 

3 

29  52  —30    8 

30    0 

30    0 

0 

"    ap  =(100)  :  (110) 
Vpp   =(110)  :(110) 

36 

59  23  —59  56 

59  38 

* 

— 

13 

60  33—60  50 

60  42 

60  44 

2 

[  ao   =(100)  :  (111) 

17 

52  45—53    5 

52  58 

52  56 

2 

oo'  =(111)  :(111) 

14 

45    6  —45  29 

45  16 

45  18 

2 

cw'  =(100)  :  (111) 

29 

98    4—98  25 

98  14 

98  14 

0 

'    o'n  =(111)  :  (311) 

— 

— 

— 

38    2 

— 

na  =(311)  :  (100) 

— 

— 

— 

43  44 

— 

o'a  =(111)  :  (100) 

26 

81  35  —81  58 

81  46 

81  46 

0 

,  CO    =(001)  :(111) 

op   =(111)  :  (110) 

-    cp   =(001)  :  (110) 

po'  =(110)  :  (111) 

^  o'c  =(111)  :(001) 

14 

43  43  _43  58 

43  51 

43  53 

2 

14 

33  20  —33  43 

33  30 

33  33 

3 

34 

77  11—77  37 

77  22 

77  26 

4 

24 

43    7  —43  34 

43  19 

43  16 

3 

31 

59  10  —59  27 

59  18 

■K- 

— 

,  ?no'  =  (201)  :(111) 

29 

55  42—55  56 

55  50 

55  47 

3 

o'p  =(111)  :  (110) 

25 

54    5  —54  32 

54  18 

54  20 

2 

■    pn  =(110)  :  (311) 

1 

— 

34  34 

34  35 

1 

wm=(311)  :  (201) 

1 

— 

35  18 

35  18 

0 

^  pm={\\Q)  :  (201) 

23 

69  30  —70    3 

69  52 

69  53 

1 

Total  number  of  meaO 
surements    / 

448 
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In  the  above  description,  the  vertical  and  inclined  axes  c  and  a  of 
Topsoe's  description  are  interchanged.  This  was  done  to  bring  out  a 
striking  similarity  between  the  primary  prism  zone  of  these  mono- 
clinic  crystals  of  ammonium  selenate  and  the  primary  prism  zone  of  the 
rhombic  crystals  of  ammonium  sulphate,  and  the  sulphates  and  selenates 
of  potassium,  rubidium,  and  caesium.  In  both  cases  there  is  close 
simulation  to  hexagonal  symmetry.  The  angle  ftp  =  (100)  :  (110)  of  am- 
monium selenate  is  59"38',  «/  =  (100) :  (310)  is  29°38',  and  p'p  = 
(310)  :  (110)  is  30°0' ;  the  corresponding  angles  in  ammonium  sulphate 
are  a^^---(lOO)  :  (110)  =  29°24',  and  ^  =  (110)  :(130)  =  30°0',  together 
making  a/ =  (100)  :  (130)  =  59°24'.  The  angles  in  this  zone  are  thus 
in  both  instances  very  nearly  30°  and  60°,  although  the  primary  prism 


Fig.  6. 


of  the  one  appears  to  correspond  most  nearly  to  the  tertiary  prism  of 
the  other.  Hence,  while  the  basal  plane  is  tilted  in  this  (monoclinic) 
variety  of  ammonium  selenate,  the  angles  between  the  faces  of  the 
prism  zone  remain  practically  the  same  as  in  the  rhombic  variety. 
This  order  of  setting  up  the  crystals  is  thus  adopted  as  being  most 
probably  the  correct  one  as  regards  structure,  and  the  topic  axes  have 
been  calculated  on  the  assumption  of  pseudo-hexagonal  symmetry, 
exactly  similar  as  regards  the  prism  zone  to  that  of  the  other  sulphates 
and  selenates  of  the  alkali  series. 


Volume  and  Strtbcture. 

Relative  Density. — The  following  six  determinations  were  made  by 
the  suspension  method,  using   a   mixture    of  methylene  iodide   and 
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benzene  as  the  immersion  liquid.     Small  and  very  well-formed  crystals 
grown  in  a  vacuum  were  employed. 


Temp,  of 

Corresponding 

sp. 

gr- 

Calculated  sp 

observation. 

compared  with  w; 

Liter  at  4°. 

for  2074° 

18-4° 

21937 

2-1934 

19-4 

2  1945 

2-1944 

17-7 

2-1938 

2-1933 

14-6 

2-1952 

2-1940 

14-5 

2-1951 

2-1939 

150 

2-1942 

Mean  .. 

2-1931 

2-1937 

The  density  of  ammonium  selenate,  as  crystallised  in  the  ordinary 
monoclinic  form,  is  therefore  taken  as  2-194  for  20°/4°. 

The  position  of  ammonium  selenate  in  the  selenate  series  as  regards 
density  will  be  seen  from  the  following  table  to  be  similar  to  that  of 
ammonium  sulphate  in  the  sulphate  series,  each  being  the  lightest 
member  of  its  series. 

(NH4)2S04 1-772  (NH,)2Se04  ...  2-194 

K2SO4    2-666  KgSed^ 3-067 

RbgSO^ 3-615  EbgSeO^    3-902 

CS2SO4    4-246  CsgSeO^    4-456 

Molecular    Volume. — —   = —   =    81-12.     It  will  be  seen  from 

d  2-194 

the  following  table  of  the  molecular  volumes  of  the  eight  salts  of  the 

series  that  the  position  of  ammonium  selenate  is  analogous   to  that 

of  ammonium  sulphate,  namely,  immediately  following  the  rubidium 

salt. 

K2SO4  64-91  KgSeO^  71-67 

RbgSO^ 73-34  RbaSeO^ 79-94 

(NHJ2SO4    ...  74-04  (NH,),SeO,    ...  81-12 

CS2SO4 84-58  CsgSed^ 91-09 

Topic  Axes. — These  have  been  calculated  both  on  the  assumption  of 
the  ordinary  monoclinic  structure,  and  on  that  of  pseudo-hexagonal 
structure,  the  latter  for  the  reasons  stated  at  the  end  of  the  last 
section.  On  the  former  assumption,  ;(,  i/^,  and  co  represent  the  relative 
distances  apart  of  the  centres  of  gravity  of  the  molecular  structural 
units  (Sohncke  points)  along  the  directions  of  the  three  monoclinic 
axes.  They  are  given  by  the  following  formulje,  in  which  a,  b,  c  are 
the  axial  ratios,  and  )8  is  the  angle  between  the  inclined  axes,  a  and  c, 
while  Fis  the  molecular  volume  : 
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X 


I 


c  Sin  y8' 


3/ 


V 

ac  Sin  0 


a  Sin  (3 


Their  values  are  :  X  :  "A  :  «^   =    6-4456  :  3-4104  :  4-0880. 

On  the  latter  (pseudo-hexagonal)  assumption,  the  structural  arrange- 
ment is  as  shown  in  Fig.  7,  which  represents  a  section  through  the 
crystal  perpendicular  to  the  primary  prism  zone  [apb].  ij/  represents 
the  separation  of  the  structural  points  along  the  symmetry  axis  b,  and 
o)  that  along  the  vertical  axis  c;  but  ^   ^^   longer   represents   the 


a(i 

00) 

'v^/ 

f 

/        \ 

/ 

-v.     \ 

/    ^      \ 

\ 

\    Sym.  axis  b      J 

7 

^  \     / 

a  (100) 

axis 

^^ 

S  /                       \      ; 

Fig.  7. 


separation  along  the  axis  a,  but  along  two  pseudo-hexagonal  axes, 
inclined  to  the  plane  of  the  paper,  and  whose  plans  lie  at  nearly  60° 
to  each  other  and  to  the  symmetry  axis  h  (topic  axis  \\i).  They  are 
given  by  the  following  formulae  : 


V  ac  Sin  a  \  i 


2F 
ac  Sin  ^ ' 


=  ^. 


2c2F 


Sin)3 


and  their  numerical  values  are  as  under  : 

X  :  lA  :  a>  =  4-5939  :  4-2968  : 5-1506. 

It  is  interesting  to  compare  these  topic  parameters  of  monoclinic 
ammonium  selenate  with  those  of  the  rhombic  sulphates  and  selenates 
of  the  alkalis,  as  analogously  pseudo-hexagonally  expressed  in  the 
author's  last  communication  (Trans.,  1905,  87,  1188).  On  examining 
the  table  there  given  it  will  be  observed  that  the  topic  parameters  of 
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ammonium  selenate  are  very  similar  to  those  in  the  table.  The  values 
of  {{/  and  CO  lie  between  those  for  potassium  and  cjBsium  selenates,  \f/ 
being  close  to  the  caesium  salt  value  and  w  to  the  potassium  salt  value. 
The  less  strictly  comparable  pair  of  parameters  ;(  are  of  the  same 
order  as  the  values  of  x  ^^^  ^^^  metallic  selenates,  being  slightly 
greater  than  the  value  for  csesium  selenate.  Although  the  in- 
dividual  parameters  are  naturally  not  so   truly  comparable  as   are 
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Fig.  8. 


those  of  the  rhombic  salts  among  themselves,  it  is  noteworthy  that  the 
average  (mean  of  x,  i/''  ^^^  ^)  °^  ^^^  parameters  of  ammonium  selenate 
is  intermediate  between  the  averages  for  the  i*ubidium  and  caesium  salts. 


Soluhiliti/. 

Three  determinations  of  the  solubility  of  the  mouoclinic  crystals  of 
ammonium  selenate  were  made,  for  saturation  at  7°,  59°,  and  100° 
respectively. 
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Determination  of  Solubility  of  Ammonium  Selenate. 


Weight  of 

saturated 

solution  taken. 

14  "97  grams 
26-01     ,, 
16-46     „ 


Temp,  of 
saturation. 

7" 
59 
100 


Weight  of  Parts  by  weight  of  salt 

anhydrous  dissolved  by  100  parts 

salt  obtained.  of  water. 


8-06  grams 
16-17     ,, 
10-91     ,, 


117 
164 
197 


It  will  be  seen  from  the  last  column  that  water  at  the  ordinaiy 
temperature  dissolves  slightly  more  than  its  own  weight  of  ammonium 
selenate,  and  boiling  water  almost  exactly  twice  its  weight. 

The  results  are  graphically  expressed  in  the  longer  curve  (which  is 
nearly  a  straight  line),  AB,  in  Fig.  8.  The  shorter  curve,  CD,  is  the 
super-solubility  curve,  which  has  been  most  kindly  determined  by 
Prof.  Miers  and  Miss  Isaac  by  the  refraction  method  which  they  have 
recently  described  to  the  Society  (Trans.,  1906,  89,  413).  It  has  been 
constructed  from  the  following  data  which  they  have  furnished : 


Parts  of  salt  to  each 

Maximum  value  of  refractive 

Temperature  at 

100  }iarts  of  water. 

index  of  solution  reached. 

highest  point. 

14-2 -5 

1-42528 

25° 

130-22 

1-42192 

19-5 

126-8 

1-42127 

16-2 

124-35 

1-42107 

1 

It  will  be  observed  that  the  supersolubility  curve  runs  nearly  parallel 
with,  and  very  close  to,  the  solubility  curve  at  the  lower  temperatures 
in  the  neighbourhood  of  the  ordinary,  and  that  the  two  curves  diverge 
from  near  20°  onwards  at  an  accelerating  rate.  Hence  at  the 
ordinary  temperature  there  is  but  a  very  narrow  range  of  meta- 
stability  between  the  unsaturated  and  the  labile  condition,  while  the 
range  is  considerably  greater  at  a  warm  summer  temperature. 

On  compax'ing  this  result  with  the  results  previously  given  for  the 
metallic  selenates  (Trans.,  1897,  71,  851),  and  for  the  same  tempera- 
ture of  12°,  it  will  be  seen  that  100  parts  by  weight  of  water  at  12° 
dissolve  respectively  115  parts  of  potassium  selenate,  122  parts  of 
ammonium  selenate,  159  parts  of  rubidium  selenate,  and  245  parts  of 
caesium  selenate.  The  solubility  of  ammonium  selenate  is  thus  only 
slightly  greater  than  that  of  potassium  selenate ;  it  is  nearly  twice  as 
great  as  that  of  ammonium  sulphate  (74  parts  in  100  of  water). 
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Optics. 

Orientation  of  Axes  of  Optical  Ellipsoid. — Three  determinations  of 
the  extinction  directions  in  the  symmetry  plane  were  made  with  three 
section-plates  ground  parallel  to  the  latter.  One  of  the  two  extinction 
directions  is  very  close  to  the  normal  to  c{001},  as  shown  in  Fig.  9,  and 
the  exact  positions  found  for  it  are  as  under  : 

Section  1    1°49'  behind  the  normal  to  c{0011. 

2  2     9 

„      3   2  56 

Mean  ...  2°18' 


Fig.  9. 


This  direction  in  the  symmetry  plane  is  the  intermediate  axis  /8  of  the 
indicatrix  or  of  the  optical  velocity  ellipsoid,  perpendicular  to  the  plane 
containing  the  optic  axes,  which  latter  is  thus  perpendicular  to  the 
symmetry  plane.  The  other  direction  of  extinction  (at  90°  to  the  one 
measured)  in  the  symmetry  plane  is  the  first  median  line  and  axis  y 
of  the  indicatrix  or  c  of  the  optical  velocity  ellipsoid.  It  is  within 
half  a  degree  of  being  midway  between  the  normals  to  «{100}  and 
m{20T},  being  situated  23^11' from  the  former  normal  and  23°56'  from 
the  latter.  The  symmetry  axis  b  is  the  second  median  line  and  axis  a 
of  the  indicatrix  or  a  of  the  velocity  ellipsoid. 

The  sign  of  the  double  refraction  is  positive. 

Refractive  Indices. — These  were  determined  with  six  60°-prisms, 
each  so  ground  as  to  give  two  indices  directly.  The  i-esults  are  given 
in  the  accompanying  table. 


1074 


TUTTON:   AMMONIUM   SELENATE   AND   THE 


Refractive  Indices  of  Ammonium  Selenate. 


Index. 


Nature  of  light. 
Li 


Vibrations  parallel  to 

the     symmetry     axis 

(2  M.L.). 


5. 

Vibrations  parallel  di- 
rection  in  symmetry 
plane  2°18'  behind  the 
normal  to  cjOOl}. 


Vibrations  parallel  to 
the  first  median  line. 


C  .. 
Na 
TL. 
F  .. 
G.. 


Li  . 
C  .. 

Na 
TL. 
F  .. 
G.. 

Li., 
C  .. 

Na 
TL. 
F  .. 
G  .. 


Limits. 

5554—68 

5565—79 

5598—613 

5634—48 

5681—90 

5744—56 

5576—88 
5587—99 
5623—35 
5659—70 
5706—19 
5775-83 

5787—805 

5797—815 

5839—55 

5877—92 

5929—42 

6000—12 


Mean. 


5561 
5571 
5607 
5641 
5687 
5752 

5584 
5594 
5630 
5665 
5713 
5781 

5796 
5806 
5846 
5885 
5935 
6005 


Mean  of  a,  ^,  and  7  for  Na-light,  1  -5694 


The  P  index,  corrected  to  a  v&cuum  (correction  =  +  0*0004)  for 
light  of  any  wave-length  A  as  far  as  that  of  the  green  thallium  line, 
is  represented  absolutely  by  the  following  formula,  which  is  also 
approximately  valid  for  the  blue  end  of  the  spectrum  : 


P  =  1-5404  + 


988  153       6  585  OOP  000  000 
A2       ~  A.4 


The  a  indices  are  also  very  closely  reproduced  if  the  constant  1-5404 
is  diminished  by  0-0024,  and  the  y  indices  if  it  is  increased  by  0-0216. 
The  double  refraction,  fiy-a,  is  as  follows  : 


For  Li-light  0-0235 

„     C-    „      0-0235 

„  Na-    „      0-0239 


For  Tl-light  0  0244 

„    F-     „      0-0248 

„    G-    „      0-0253 


Refractive  Indices  at  Higher  Temper  attires. — These  were  determined 
with  two  of  the  prisms,  yielding  respectively  a  and  p,  and  /?  and  y. 
Determinations  were  made  not  only  for  80°,  as  in  the  case  of 
ammonium  sulphate,  but  also  for  the  temperature  of  100°.  For  on 
heating  the  prism  yielding  a  and  /3,  the  two  images  corresponding  to 
these  two  indices,  already  unusually  close  together  (separation  13'  for 
Na-light),  were  observed  to  approach  each  other  so  that  at  80°  they 
were  only  6'  apart,  overlapping  at  the  broad  ends  of  the  images  of  the 
Websky  slit  and  almost  touching  at  the  central  narrow  part.  After 
the  determination  at  80°,  the  phenomena  were  followed  further.  At 
87°,  the  images  had  approached  to  within  3',  the  central  parts  just 
touching.     At  91°,  their  separation  was  further  reduced  to  2',  at  96° 
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they  were  less  than  1'  apart,  and  at  100°  they  were  identical  for  all 
wave-lengths.  At  this  temperature,  for  which  a  series  of  determina- 
tions was  carried  out,  the  carious  spectacle  was  observed  of  an 
apparently  single  image,  which  remained  unextinguished  for  all 
positions  of  the  nicol  in  front  of  the  eyepiece.  In  reality,  one  image 
was  being  extinguished  as  fast  as  the  other  was  coming  into  view,  and 
thus  their  united  intensity  remained  almost  constant.  It  would  have 
been  quite  so  were  it  not  for  the  fact  that  the  image  visible  when  the 
nicol  is  at  90'^  is  always  slightly  fainter  than  that  seen  when  the  nicol 
isatO°,  owing  to  greater  loiss  by  reflecton  from  the  incident  prism  face. 
Beyond  100°,  the  images  began  to  separate  again  on  opposite  sides  of 
each  other,  so  that  a  now  became  /3  and  vice  versd. 

This  condition  of  identity  of  two  of  the  refractive  indices,  and  thus 
of  the  temporary  conversion  of  the  optical  ellipsoid  into  an  ellipsoid  of 
revolution,  has  been  found  by  the  author  in  previous  cases,  in  which 
this  series  of  salts  Las  proved  rich,  to  be  accompanied  by,  and  to  be 
the  explanation  of,  the  phenomenon  of  crossed-axial-plane  dispersion 
of  the  optic  axes.  It  will  subsequently  be  shown  (p.  1093)  that 
ammonium  selenate  is  no  exception  to  this  rule. 

Corresponding  determinations  at  80°  and  100°  were  also  made  with 
the  second  prism  affording  /3  and  y,  and  the  following  table  exhibits 
the  combined  results  of  both  sets  of  determinations  : 

Refractive  indices  for  80°.  Refractive  indices  for  100". 

Nature  of  ligkt.  a.  fi.  y.  a  and  &  y. 

Li    1-5556  1-5560  1-5764  1-5553  1-5757 

C 1-5563  1-556S  1-5773  1-5561  1-5765 

Na  1-5599  1-5605  1-5S12  1-5593  1-5804 

Tl    1-5637  1-6643  1-5852  1-5636  1-5843 

F  1-5682  1-5689  1-5900  1-5682  1-5890 

The  images  for  G-light  were  not  seen  so  well  at  these  temperatures 
as  at  the  ordinary  temperature,  owing  to  loss  of  light  by  reflection 
from  the  glass  plates  closing  the  heating  apparatus. 

02)tic  Axial  Angle. — Three  pairs  of  section-plates  perpendicular  to 
the  first  and  second  median  lines  were  prepared  with  the  aid  of 
the  cutting  and  grinding  goniometer  and  afforded  the  foUowiug 
measurements,  a-bromonaphthalene  being  the  immersion  liquid  used 
for  the  determinations  of  2I/a  and  2//o. 

Apparent  Angle  in  Air,  IE. 


Li 

Li: 

-lit. 

Section  1. 
58°20' 
58  53 

60  15 

61  2 

62  1 

Section  2. 
59°35' 
59  43 
61  15 

61  54 

62  36 

Section  3. 
59°  9' 

59  30 

60  4.5 

61  43 

62  49 

Mean  2E. 
59°  1' 

C  . 

Na 

59  22 

60  44 

'J'l. 

61  33 

62  29 
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True  Optic  Axial  Angle  of  Ammonium  Selenate,  2  Fa. 

No.  of  No.  of 

section      Observed     section  Observed  Calculated        Mean 

perp.  values  perp.  values  values             value 

Light.        LstM.L.  of  2^a.  2nd  M.L.        oi2Ho  of2Fa.  of2Fa. 

f       1  35°  8'  Irt  126"30'  37°21       ] 

Li -         2  34  52  2a  126    5  37  10        V     37°10' 

[       3  34  46  3a  126  27  37    0       J 

1  35  13  la  126  20  37  28       ] 

2  35    1  2«  125  52  37  20        V     37  19 


J 


3  34  55  3a  126  17  37  10 

r       1  35  44  la  125  17  38    6 

Na....     ]        2,  35  25  2a  124  45  37  54        ]-     37  54 

[3  35  25  3a  125  27  37  47 

r   1      36  0     la  124  10      38  33 

Tl 1   2      35  42     2a      123  30      38  22   Y     38  22 

[   3      35  39     3a  124  31      38  10 

1  36  7     la      122  57      38  52 

2  35  56     2a      122  13      38  49   I-  38  44 

3  35  48     3a      123  16      38  30 

Horizontal  Dispersion  of  the  First  Median  Line. — As  the  first 
median  line  lies  in  the  symmetry  plane,  whilst  the  second  median  line 
is  identical  with  the  symmetry  axis,  the  former  only  is  dispersed.  The 
amount  was  determined  by  arranging  the  section-plate  vertically 
instead  of  horizontally  (the  optic  axes  being  separated  in  the  longer 
direction  of  the  plate,  that  of  the  elongated  ortho-prism  zone),  and  the 
nicols  at  90°  and  0°  instead  of  at  45°  and  135°.  Each  optic  axis  in 
turn  was  brought  to  the  centre  of  the  cross-wires  by  rotation  of 
the  back-to-front  cylindrical  adjusting  movement  of  the  polarising 
goniometer,  and  measurements  were  then  made  of  the  lateral  differ- 
ence of  position  of  the  axis  for  the  usual  six  wave-lengths  of  light 
while  the  plate  was  immersed  in  (1)  oil  of  cassia,  and  (2)  oil  of  anise, 
whose  refractive  indices  are  just  slightly  higher  and  lower  respectively 
than  the  mean  index  of  ammonium  selenate.  Both  series  of  determina- 
tions agreed  in  indicating  that  the  first  median  line  is  dispersed, 
so  that  for  blue  light  it  is  nearer  to  the  normal  to  «[100}  than  for  red 
light.  The  amount  is  such  that  the  two  optic  axes  are  12'  dispersed 
between  C-  and  F-light,  which  corresponds  to  a  dispersion  of  the 
first  median  line  of  15'. 

Effect  of  Rise  of  Temperature  on  the  Optic  Axial  Angle. — The  re- 
fraction results  had  indicated  the  possibility  of  crossed-axial-plane 
dispersion  at  a  temperature  in  the  neighbourhood  of  100°  Sections 
1  and  2  were  investigated  with  the  aid  of  the  heating  apparatus 
of  the  larger  Fuess'  polarising  goniometer  and  gave  practically 
identical  results,  showing  that  the  supposition  was  founded  on  fact. 
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The  optic  axes,  separated  by  59 — 62^^  (2-£')  at  the  ordinary  tem- 
perature, approached  each  other  as  the  temperature  rose.  At  60°, 
the  angle  had  become  reduced  to  45°  for  the  middle  of  the  spectrum, 
and  at  75°  to  40°  At  90°,  the  angle  was  only  30°,  and  at  100°  it  had 
become  reduced  to  23°.  Still  further  heating  caused  the  hyperbolic 
brushes  to  coalesce  into  the  uniaxial  rectangular  cross,  and  the 
lemniscates  and  elliptic  rings  to  become  circles,  for  each  wave-length 
in  turn,  beginning  with  the  red,  at  successively  higher  temperatures, 
which  are  given  in  the  following  table,  corrected  for  the  conduction  of 
the  platinum  crystal  holder. 

Corrected  Temperatures  for  Formation  of  Uniaxial  Cross. 

For  Li-light     110° 

„    C     „         1111 

»    Na  „         114 

„    Tl    , 116 

„    F     „         119 

After  forming  the  cross  for  each  wave-length,  the  axes  separated 
along  the  vertical  diameter  of  the  field,  the  second  median  line 
changing  fi-om  the  symmetry  axis  h  to  the  third  extinction  direction 
nearly  normal  to  c{001},  the  plane  of  the  optic  axes  thus  changing 
into  the  symmetry  plane. 

It  is  remarkable  that  this  is  the  fifth  case  of  crossed-axial-plane 
dispersion  in  the  simple  and  double  series  of  alkali  sulphates  and 
selenates,  the  others  being  PtboSO^,  Cs^SeO^,  Cs2Mg(SO^)2,6H20,  and 
Cs.,Mg(Se04).2,6H20.  The  cause,  which  would  appear  to  be  a  general 
one  as  regards  this  phenomenon,  has  already  been  explained  in  the 
discussion  of  the  refraction  results. 


Axes  of  the  Optical  Ellipsoids. 


Axes  of  indicatiix 

Axes  ot"  optical  velocity  ellipsoids  . . 


7   =   0-9985 
C    =   1-0015 


1   :  1-0138 
1   :  0-9SC4 


Molecular  Opiical  Constants. 


Axis  of  optical  iudicatrix. 

n^-\  f 

Specific  refraction,  r'-f~'frr,  =1^ i 

n^  ~1      M  C 

Molecular  refraction,   —, — -  .  —  =  m  i 

'   11^+2      d  \ 

Specific  dispersion,  ito  -  lU-  

Molecular  dispersion,  tHw  -  XWc     

n  —  1 
Molecular  refraction,   — —M 


C    0 
G   0 

C26 

(?26 

0 

0 

C45 


1468 

1507 

13 

83 

0039 

70 

2-2 


/3. 

0-1473 

0-1514 
26-22 
26-94 

0-0041 

0-72 

45-41 


7- 

1519 

1561 

03 

78 

0042 


47 
B    2 


13 
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Refraction  in  the  State  of  Solution  in  Water, — Two  determinations 
■were  made  of  the  i-efraction  equivalent  in  solution  -with  solutions 
of  two  different  degrees  of  concentration,  the  stronger  of  which  -was 
not  far  removed  from  saturation.  The  results  are  given  in  the 
next  lable;  the  molecular  refractions  are  calculated  for  the  ray  C  : 


Molecular  Refraction  of  A 

mmoniuin 

Selenate  in  Solution. 

AVeight 
of  water. 

Weight 
of  salt. 

Percentage 
of  salt  in 
solution. 

Sp.  gr.  of 
solution 

at  2074°. 

'  Li 
C 

Refractive 
index  of 
solution. 

1-4067  ^ 

1-4073 

Molecular 
refraction  of 

salt  in  dis- 
solved state. 

9-3513 

8-7021 

48-20 

1-3627     - 

IN  a 
Tl 
F 

Ig 

r  Li 

c 

....     1-4098 

1-4122 

1-4154 

1-4198  . 

....      1-3990  ^ 
1-3996 

-      46-84 

9-5981 

7-5040 

43-88 

1-3248     - 

iVa 
Tl 
F 

Ig 

....     1-4020 

1-4043 

1-4073 

1-4114  , 

-      46-74 

Mean  refraction  equivalent  (Gladstone)  for  the  state  of  solution  in  water  46  79 
,,             ,,               ,,                     ,,         of  tlie  crystals  (mean  of  all  three 

values)    45-92 

Difference +0-87 


Optical  C ortiparison  with  other  Salts  of  the  Series. 

Although  the  difference  of  system  renders  any  comparison  of  the 
position  of  the  respective  optical  ellipsoids  invalid,  it  will  be  intei-est- 
ing  to  see  how  the  refractive  indices  and  the  molecular  optical 
con.stants  of  ammonium  selenate  compare  with  those  of  the  other 
seven  salts  of  the  series. 

It  will  at  once  be  seen  on  comparing  the  table  of  i-efractive  indices 
on  p.  1090  with  that  previously  given  for  the  selenates  of  potassium, 
rubidium,  and  caesium  (Trans.,  1897,  71,  899)  that  the  whole  of  the 
indices  of  ammonium  selenate  lie  between  those  of  rubidium  and 
ctBsium  selenates,  and  considerably  closer  on  the  whole  to  those 
of  the  rubidium  salt.  The  best  kind  of  comparison  is  given  by  placing 
side  by  side  the  mean  values  (mean  of  all  three  indices  a,  /8,  and  y)  of 
the  refractive  index  for  the  various  salts,  and  this  is  done  in  the 
next  table  for  the  wave-length  of  sodium  light. 


K„S04 1-4952 

Rb.,S04....  1-5136 

(NH4),yS04  1-5256 

CS..SO    ....  1-5635 


Mea7i  Refractive  Indices. 

,0A     0-0444  KgSeOj  1-5396 

Vtl     0-0409  Rb.ySe04 1-5545 

^:p     0-0438  (NH4).,Se04  1-5694 

■^'^     0-0362  CVSedj 1-5997 


149 
149 
303 
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The  position  of  the  ammonium  salt,  just  after  the  rubidium  salt,  is 
seen  to  be  almost  exactly  the  same  in  both  sulphate  and  selenate 
sei'ies.  Thus,  the  average  refraction  of  monoclinic  ammonium  selenate 
is  what  would  have  been  expected  had  the  crystals  been  strictly 
isomorphous  with  those  of  the  other  members  of  the  series.  Also  the 
difference  between  the  mean  refraction  of  ammonium  sulphate  and 
that  of  ammonium  selenate,  given  in  the  central  column,  is  of  the 
same  order  as  the  difference  between  corresponding  potassium  or 
rubidium  salts  of  the  two  series. 

A  similar  fact  will  also  be  observed  with  respect  to  the  relative 
dimensions  of  the  optical  ellipsoids  if  their  axial  ratios  are  relatively 
expressed,  as  in  the  next  table,  by  taking  the  value  for  the  potassium 
salt  of  each  series  along  the  axis  b  as  unity.  Although  the  directions 
of  the  ellipsoidal  axes  in  the  case  of  ammonium  selenate  are  not 
strictly  comj)arable  with  those  of  the  others,  the  position  of  ammonium 
selenate  is  seen  to  be  undoubtedly  just  after  rubidium  selenate, 
precisely  as  ammonium  sulphate  closely  follows  its  analogue,  rubidium 
sulphate. 

Axial  Ratios  of  Optical   Velocity  Ellipsoids. 

K0SO4    0-9992:1  :  0-9975  KoSe04 0-9975:1  :  0-9939 

Eb.,S04 0-9862:0-9871:0-9869  Rb.,Se04    •••  0-9881:0-9895:0-9853 

(NH4)oS04..  0-9742:0-9806:0-9820  (NH4)oHe04  0-9837:0-9822:0-9688 

Cs.,S04"  0-9536:0-9547:0-9575  0328664 0-9593:0-9602:0-9596 


Before  any  comparison  of  the  optical  constants  could  be  made  on 
absolutely  analogous  lines,  it  was  considered  desirable  to  recalculate 
the  values  of  those  constants  for  the  four  sulphates  and  the  three 
selenates  previously  described,  employing  the  new  values  of  the 
densities,  as  determined  by  the  suspension  method,  given  in  the  paper 
presented  last  year  on  the  topic  parameters  (Trans.,  1905,  87,  1183). 
The  values  thus  obtained  will  then  be  strictly  comparable  with  those 
now  published  for  ammonium  selenate,  and  will  also  be  nearer  the 
truth  than  the  values  formerly  given.  They  are  set  forth  in  the  next 
tables. 


Specific  Refraction,  Lorenz, 
For  ray  C( //a). 


1 


For  ray  near  G  {H'y). 


(NH4),.S04    ...  0 

K2SO4"  0 

Rb.^S04 0 

C.S.2.SO4  0 

(Nir4).,Sc04....  ;30 

K.,Se04 0 

llb.^Se04    0 

CsjSeOj 0 


1745 
1091 
0831 
0766 

1473 
1018 
0818 
0765 


1718 
1088 
08'29 
0764 

1468 
1012 
0815 
0763 


0-1712 
0-1095 
0-0830 
0-0759 

7O-1519 
0-10-26 
0-08-24 
0-0765 


a. 
0-1784 
0-1108 
0-0846 
0-0782 

80-1514 
0-1042 
0-0837 
0-0784 


b. 

1755 
1106 
0845 
0779 

1 507 
1(136 
0835 
0782 


6". 

0-1749 
0-1114 
0-0845 
0-0774 

70-1561 
0-1051 
0-0843 
0-0783 


1080 


TUTTON:   AMMONIUM   SELENATE   AND   THE 


,j,2  _  1  J/ 

Molecular  Refraction,  Lorenz,  — - — - — -  =  m. 

91^  +  2  a 


For 
a. 

ray  C(^a). 

b. 

c. 

For 

ray  near  G 

(Jly). 

a. 

b. 

c. 

K.S04 

.     18-87 

18-83 

18-95 

19-18 

19-14 

19-27 

EbaSOj  

.     22-04 

21-99 

22-00 

22-44 

22-39 

22-40 

(NHJ,SO,  .. 
CS0SO4  

.     22-89 
.     27-51 

.     22-37 

22-54 
27-44 

22-24 

22-46 
27-26 

22-56 

23-41 
28-07 

22-91 

23-03 
27-99 

22-77 

22-95 
27-79 

lwSe04    

23-11 

Rb.,Se04    

.     25-52 

25-43 

25-71 

26-12 

26-04 

26-30 

(NH4)2Se04  .. 
CsoSeOj  

.  /326-22 
.     31-05 

a26-13 
30-99 

727-03 
31-03 

j826-94 
31-82 

a26-83 
31-76 

727-78 
31-80 

Specific  dispersion,  tte  -  ttr- 
a.                    b.                   c. 

Molecular  dispersion 

,  me-lttc 

a. 

b. 

c. 

(NH4).,S04... 
K,S04    

..     0-0039 
.     0-0017 

..     0-0015 
.     0-0016 

..  /30-0041 
..     0-0024 

0-0037 
0-00  IS 
0-0016 
0-0015 

aO-0039 
0-0024 

0-0037 
0-0019 
0-0015 
0-0015 

7O-OO42 
0-0025 

0-52 
0-31 
0-40 
0-56 

;30-72 
0-54 

0-49 
0-31 
0-40 
0-55 

aO-70 
0-53 

0-49 
0-32 

Eb^SOj 

0-40 

Cs,SO,  

0-53 

(NH4)2Se04 
K,Se04 

7O-75 
0-55 

Rb.,Se04    ... 

..     0-0019 

0-0020 

0-0019 

0-60 

0-61 

0-59 

CSiSe04  

..     0-0019 

0-0019 

0-0018 

0-77 

0-77 

0-77 

Molecular  Refraction,  Gladstone,  — - — M,for  ray  C  {Ha.) 


d 


K0SO4 

EboS04  

(NH4).,S04  . 
CS0SO4    

KoSe04  

Eb.,Se04 

(NH4)„Se04 
CsoSed4 


32-01 
37-61 
39-29 
47-71 

38-46 

44-00 

J845-41 

54-41 


b. 
31-94 
37-52 
38-56 
47-56 

38-19 

43-82 

045-22 

54-28 


32-18 
37-53 

38-40 
47-17 

38-86 

44-36 

747-13 

54-37 


Mean. 
32-04 
37-55 
38-75 
47-48 

38-50 
44-06 
45-92 
54-35 


Comparison  of  Refraction  Equivalents  for  Crystalline  and  Dissolved  States. 


K2SO4 

Rb2S04  .... 

(NH4)2S04. 

Cs,S04    .... 


KsSeOj 


Mean 
molecular 
refraction  of 
crystals. 

32-04 
37-55 

38-75 

47-48 

38-50 


Molecular  refraction  in  solution. 


Separate 
determinations. 
/      33-21      ^ 

\     33-21     r 


39-30 
39-51 
39-47 


Rb2Se04 

44-06 

(NH4)2Se04  ... 
CsjSeO. 

45-92 
54-35 

!Mean. 
33-21 
38-21 

39-43 

47-27 

39-65 


Difference. 
+  1-17 
+  0-66 

+  0-68 
-0-21 

+  1-15 


44-63 

+  0-57 

46-79 

+  0-87 

54-10 

-0-25 
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The  values  for  the  densities,  molecular  weights,  and  molecular 
volumes  of  the  seven  salts  other  than  ammonium  selenate,  which  have 
been  employed  in  the  calculations,  are  those  given  in  the  topic  axes 
memoir  {loc.  cit.,  p.  1188). 

The  three  specific  and  molecular  refraction  constants  of  ammonium 
selenate  do  not  correspond  as  regards  direction  to  the  morphological 
axial  directions  a,  b,  c  of  the  rhombic  salts  on  account  of  the  different 
(monoclinic)  system  of  the  crystals,  the  optical  ellipsoid  being  rotated 
about  the  axis  of  symmetry  b ;  they  are  marked  to  show  the  axial 
direction  of  the  indicatrix  (ellipsoid),  therefoi-e,  and  whilst  a  is  truly 
identical  with  the  direction  b,  /3  and  y  do  not  correspond  to  the 
morphological  axial  directions  a  and  c,  but  to  other  rectangular 
directions  in  the  same  plane  (the  plane  of  symmetry). 

The  conclusions  which  have  already  been  drawn  in  the  author's 
previous  memoirs  as  to  the  relations  of  the  various  salts  with  respect 
to  their  specific  and  molecular  refraction  and  dispersion  are  all  equally 
valid  for  these  recalculated  values. 

The  position  of  ammonium  selenate  in  the  selenate  series  will  be 
observed  throughout  to  be  the  same  as  that  of  ammonium  sulphate  in 
the  sulphate  series.  As  regards  the  most  important  property  of 
molecular  refraction,  whether  calculated  by  the  formula  of  Lorenz  or 
of  Gladstone  and  Dale,  this  position  is  immediately  after  the  rubidium 
salt.  Thus,  the  fact  that  ammonium  selenate  crystallises  with  mono- 
clinic  symmetry,  instead  of  rhombic  like  the  rest  of  the  series,  does 
not  appear  to  afEect  the  specific  and  molecular  optical  constants,  these 
being  the  same  as  would  have  been  expected  from  a  strictly  iso- 
morphous  rhombic  form.  Such  a  rhombic  form  would  doubtless  have 
exhibited  somewhat  different  directional  values,  but  the  average  value 
would  evidently  have  been  near  what  is  observed  in  the  case  of  the 
monoclinic  form.  The  mean  values  for  the  Gladstone  molecular 
refraction  are  given  in  the  table  for  those  constants  and  will  render 
this  point  clear. 

A  similar  interesting  resemblance  of  behaviour  of  ammonium 
selenate  and  ammonium  sulphate  is  shown  with  respect  to  the  differ- 
ence between  the  values  of  the  mean  molecular  refraction  for  the 
crystalline  and  dissolved  states.  In  both  cases,  the  difference  is 
a  positive  one,  less  than  that  between  the  two  states  of  the  potassium 
salt  and  not  far  removed  from  that  between  the  dissolved  and  crystal- 
line rubidium  salt,  whereas  the  two  states  of  the  cajsium  salt  in  both 
series  show  a  slight  negative  difference.  The  completion  of  the  two 
series  by  the  investigation  of  ammonium  selenate  now  enables 
emphasis  to  be  given  to  the  statement  already  advanced  in  the 
metallic  selenate  memoir  (Trans.,  1897,  71,  914),  that  Gladstone's 
generalisation  that  "  the  refraction  equivalent  of  a  solution  is  the  awxw 
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of  the  refraction  equivalents  of  the  solvent  and  of  the  substance 
dissolved"  is  substantially  correct,  slight  differences  due  to  change 
of  state  being  on  both  sides  of  zero,  and  that  the  order  of  the 
differences  follows  the  order  of  the  atomic  weights  in  the  case  of  the 
alkali  metals,  whilst  the  ammonium  salt  takes  up  the  position  near  the 
rubidium  salt  which  has  been  shown  to  be  its  proper  position  in 
the  series. 

Summary  of  Results. 

Normal  ammonium  selenate,  (NH4)^8e04,  crystallises  differently 
from  ammonium  sulphate  and  the  normal  sulphates  and  selenates 
of  potassium,  rubidium,  and  ciesium,  the  crystals  possessing  monoclinie 
symmetry,  whereas  the  seven  latter  salts  form  a  strictly  related 
rhombic  sei"ies,  the  characters  and  relationships  of  which  have  been 
described  by  the  author  in  previous  communications. 

A  rhombic  form  of  ammonium  selenate  was  once  (in  1862)  obtained 
by  von  Hauer  and  described  by  von  Lang,  and  the  historic  specimen 
has  been  most  kindly  sent  by  Prof,  von  Lang  from  Vienna  to  the 
author.  In  spite  of  some  deliquescence  during  the  intervening  forty- 
four  years,  ample  confirmation  of  von  Lang's  results  as  to  the  system, 
principal  angles,  and  optical  character  has  been  obtained.  It  has  been 
found  by  specific  gravity  determinations  by  the  suspension  method  that 
they  are  probably  not  quite  pure,  but  contain  admixed  ammonium 
sulphate.  Yon  Lang  also  mentioned  a  small  quantity  of  acicular 
crystals  of  different  optical  character,  and  these  turn  out  to  be 
identical  with  the  author's  monoclinie  form.  These  monoclini'c  needles 
are  found  to  be  purer  than  the  rhombic  crystals,  in  which,  indeed, 
almost  all  the  impurity  (isomorphous)  appears  to  have  been  concen- 
trated. 

Rhombic  mixed  crystals  of  ammonium  selenate  with  ammonium 
sulphate,  potassium  selenate,  and  rubidium  selenate  respectively  have 
been  obtained,  containing  in  the  last  case  more  than  60  per  cent,  of 
ammonium  selenate.  Monoclinie  mixed  crystals  of  ammonium  selenate 
and  sulphate  have  also  been  obtained  containing  30  per  cent,  of  the 
latter.  It  is  therefore  concluded  that  ammonium  selenate  is  di- 
morphous and  the  whole  series  isodimorphous,  and  that  the  rhombic 
form  which  is  not  deposited  from  the  pure  solution  under  ordinary 
circumstances  exists  in  mixed  crystals.  The  presence  of  some  admixed 
ammonium  sulphate  in  von  Hauer's  solution  of  ammonium  selenate  is 
doubtless  the  explanation  of  the  production  of  the  rhombic  crystals 
measured  by  von  Lang. 

The  monoclinie  crystals  of  ammonium  selenate  show  a  very  similar 
pseudo-hexagonal  primary  prism  zone  (of  almost  exactly  60°)  to  that 
of  the   rhombic   crystals  of  the   other   salts.      Indeed,  the  monoclinie 
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crystals  may  be  considered  as  being  derived  from  the  rhombic  merely 
by  the  tilting  of  the  basal  plane  from  its  rectangular  to  an  inclined 
position  with  respect  to  the  brachypinacoid.  The  crystals  have  been 
considered  as  arranged,  for  the  purpose  of  description,  analogously,  so 
as  to  bring  out  this  relationship,  and  the  topic  parameters  have  been 
calculated  on  the  corresponding  basis  of  a  pseudo-hexagonal  space 
lattice. 

The  topic  parameters  thus  derived  exhibit  a  close  resemblance  to 
those  previously  given  for  the  seven  rhombic  members  of  the  series, 
and  their  mean  value  is  intermediate  between  the  mean  values 
for  rubidium  and  CKsium  selenates. 

The  molecular  volume,  refractive  indices,  dimensions  of  the  optical 
ellipsoid,  and  the  molecular  optical  constants  are  singularly  near  what 
would  have  been  expected  had  the  crystals  been  truly  isomorphically 
rhombic.  With  respect  to  all  these  constants,  ammonium  selenate 
takes  its  place  in  the  series  of  selenates  immediately  after  rubidium 
selenate,  just  as  ammonium  sulphate  falls  into  place  immediately  after 
rubidium  sulphate ;  indeed,  this  has  now  been  shown  by  the  author 
to  be  the  general  position  of  ammonium  crystallographically  in  the 
alkali  series. 

As  a  side  issue,  a  general  explanation  has  been  arrived  at  for  the 
beautiful  optical  property  of  crossed-asial-plane  dispersion  of  the 
optic  axes,  ammonium  selenate  forming  the  fifth  case  of  this  somewhat 
rare  phenomenon  which  has  been  met  with  in  the  alkali  series. 


ex. — The  Constituents  of  the  Essential  Oil  from  the  Fruit 

of  Pittosporum  undulatum. 

By  Frederick  Belding  Power  and  Frank  Tutin. 

riiiosporum  undulatum,  Ventenat,  is  a  tree  indigenous  to  south- 
eastern Australia,  where  it  is  known  to  the  English  colonists  by  the 
popular  names  of  "Native  Laurel"  and  "Mock  Orange"  (compare 
Select  Extra-tropical  Plants,  by  Baron  Ferd.  von  Mueller,  1884,  p. 
284,  and  Pharmacograplda  Indica,  Vol.  1,  p.  1.54). 

In  a  communication  to  the  Royal  Society  of  N.  S.  Wales,  on 
December  4th,  1895,  Professor  R.  Threlfall,  of  the  University  of 
Sydney,  described  the  general  characters  of  the  fruit  of  Pittosporum 
undulatihm,  and  particularly  noted  that,  when  bruised,  ib  develops  a 
fragrant  odour,  resembling  that  of  the  tangerine  orange,  although 
easily  distinguished  from  the  latter.     The  flowers  of  this  tree  are  also 
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known  to  possess  an  exquisite  fragrance,  which,  however,  is  quite 
distinct  from  that  of  the  fruit,  and  resembles  that  of  orange  blossoms. 

In  order  to  ascertain  the  nature  of  the  odorous  principle  of  Pitto- 
sporum  fruit,  Professor  Threlfall  subjected  50  kilograms  of  the  entire 
fruit  to  steam  distillation,  and  obtained  therefrom  about  180  c.c.  of  an 
essential  oil.  As  the  specific  gravity  of  the  latter  was  determined  by 
him  to  be  0"848  at  24°,  the  yield  of  oil  would  correspond  to  about  03 
per  cent,  of  the  weight  of  the  fruit.  He  then  submitted  about  60  c.c. 
of  the  oil  to  a  single  fractional  distillation,  but  none  of  these  fractions 
were  further  examined,  and  they  were  subsequently  sent  to  Professor 
W.  A.  Tilden,  of  the  Royal  College  of  Science,  London,  together  with  a 
small  quantity  of  the  original  oil.  Through  the  kindness  of  Professor 
Tilden,  these  specimens  were  placed  at  the  disposal  of  one  of  us  for 
further  examination. 

The  oil  distilled  by  Professor  Threlfall  was  stated  by  him  to  have 
been  dried  by  means  of  fused  calcium  chloride,  and  the  portion  received 
by  vxs  amounted  to  about  160  grams.  After  further  drying  with 
anhydrous  sodium  sulphate,  and  filtering,  it  was  rectified  by  distillation. 
The  rectified  oil  was  pale  yellow  and  had  a  pleasant  odour,  suggestive 
of  the  presence  of  a  considerable  proportion  of  limoncne.  Its  density 
was  0'8638  at  15°,  and  its  optical  rotation  +82°32'  in  a  1-dcm.  tube. 
The  oil  was  then  subjected  to  a  preliminary  examination,  but,  as  it  had 
evidently  imdergone  some  change  on  keeping,  we  availed  ourselves  of  the 
opportunity  of  having  a  larger  quantity  of  the  oil  freshly  distilled  for 
us  in  Australia  for  the  purpose  of  its  more  complete  investigation. 

Although  Professor  Threlfall  in  his  paper  {loc.  cit.)  has  indicated 
that  the  Pittosjiorum  undulatum  is  common  in  the  bush  around  Sydney, 
this  appears  at  present  not  to  be  the  case,  and  a  supply  of  fruit 
siifiicient  for  the  distillation  of  the  oil  could  only  be  obtained  from 
private  gardens,  where  the  tree  is  cultivated  on  account  of  the  fragrance 
of  the  flowers.  The  distillation  was  conducted  during  the  months  of 
December  and  January,  just  before  the  period  of  ripening  of  the  fruit, 
and  while  it  was  still  green.  From  220  kilograms  of  the  fruit,  960 
grams  of  essential  oil  were  obtained,  corresponding  to  a  yield  of  0*44 
per  cent. 

Experimental. 

The  investigation  here  described  was  conducted  entirely  with  the  oil 
which  had  been  freshly  distilled  for  us  in  Australia,  and  the  amount 
employed  for  this  purpose  was  900  grams.  It  is  pale  yellow,  and  has 
a  pleasant  odour  reseinbling  that  of  orange  oil.  After  being  dried 
with  anhydrous  sodium  sulphate  and  filtered,  it  had  a  density  of  0'8615 
at  15°/15°,  and  an  optical  rotation  of  +  74°4'  in  a  1-dcm.  tube.  It  was 
insoluble  in  ten  times  its  volume  of  70  per  cent,  alcohol. 
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A  determination  of  the  amount  of  free  acids  and  esters  gave  the 
following  data  :  20  grams  of  the  oil  required  0-2  c.c.  of  a  semi-normal 
alcoholic  solution  of  potassium  hydroxide  for  the  neutralisation  of  the 
free  acids,  and  on  subsequently  adding  an  excess  of  alkali  and  boiling 
for  thirty  minutes,  it  was  found  that  4  c.c.  of  semi-normal  alkali  were 
required  for  the  hydrolysis  of  the  esters  present. 

The  entire  oil  was  then  shaken  several  times  successively  with  small 
portions  of  20  per  cent,  sulphuric  acid,  and  afterwards  washed  well  with 
water.  The  acid  aqueous  liquid  was  freed  from  adhei-ing  oil  by  shak- 
ing with  ether,  then  made  alkaline  with  potassium  hydroxide,  and  again 
shaken  with  ether.  After  washing  the  ethereal  liquid  and  drying  it 
by  means  of  potassium  carbonate,  the  ether  was  removed,  but  only  a 
trace  of  brown,  resinous  matter  was  obtained,  thus  indicating  the 
absence  of  any  basic  substance  such  as  methyl  anthranilate. 

About  20  c.c.  of  the  oil  were  shaken  for  four  hours  with  a  saturated 
solution  of  sodium  bisulphite,  but  it  yielded  no  solid  compound,  nor  did 
the  aqueous  bisulphite  liquid  contain  any  aldehyde  or  ketone. 

As  the  amount  of  free  acids  contained  in  the  oil  was  so  very  small, 
it  was,  after  treatment  with  the  dilute  sulphuric  acid,  directly  extracted 
several  times  successively  with  a  5  per  cent,  solution  of  potassium 
hydroxide,  and  subsequently  washed  with  water.  The  alkaline  aqueous 
liquid,  after  being  freed  from  adhering  oil,  was  acidified  with  sulphuric 
acid  and  extracted  with  ether,  the  ethereal  solution  being  subsequently 
shaken  with  a  solution  of  sodium  carbonate  to  remove  any  acids,  and 
finally  washed  with  water.  On  removing  the  ether,  a  very  small 
brown  residue  was  obtained,  which  had  an  odour  resembling  that  of 
eugenol  and  gave  a  brown  colour  with  ferric  chloride,  but  no  definite 
benzoyl  derivative  could  be  prepared  from  it. 

The  sodium  carbonate  liquid,  which  contained  the  acids  from  the  pre- 
ceding extraction  with  potassium  hydroxide,  was  acidified  with 
sulphuric  acid  and  extracted  with  ether.  On  removing  the  ether,  a 
very  small  quantity  of  a  brown  oil  was  obtained,  which  had  a  strong 
odour  of  valeric  acid  and  gave  an  intense  violet  coloration  with  ferric 
chloride.  This  violet  coloration  was  apparently  due  to  the  presence  of 
a  trace  of  salicylic  acid.  The  oily  liquid,  after  standing  some  time, 
deposited  crystals  which,  after  several  crystallisations  from  alcohol, 
melted  at  62°,  and  evidently  consisted  of  palmitic  acid,  since  the  melt- 
ing point  was  not  changed  on  mixing  the  substance  with  an  equal 
amount  of  pure  palmitic  acid. 

Preliminary  Examination  of  the  Terpenes. 

As  a  preliminary  test  for  the  presence  of  an  olefinic  or  other  unstable 
tei'pene,  the  oil,  which  had  previously  been  treated  with  dilute  sulphuric 
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acid  and  with  alkali,  as  above  described,  was  dried  with  anhydrous 
sodium  sulphate,  and  then  distilled  under  60  mm.  pressure.  The  por- 
tion which  boiled  below  110'^  was  collected,  and,  after  submitting  this 
to  several  fractionations  under  a  pressure  of  20  mm.,  the  density  of  a 
fraction  boiling  below  70°  was  determined,  and  found  to  be  0-8466  at 
15°/ 15°,  which  proved  the  absence  of  any  olefinic  terpene.  These  liquids 
were  then  distilled  under  the  ordinary  pi'essure,  and  the  following 
fractions  collected  :  below  165°;  165—170°  ;  170—172°.  The  density 
of  the  fraction  165— 170°  was  found  to  be  0-8471  at  15°/15°,  thus  con- 
firming the  absence  of  myrcene.  The  fraction  170 — 172°  was  specially 
tested  for  phellandrene,  but  with  a  negative  result. 

Hydrolysis  of  the  Oil. 

All  the  oil  boiling  above  190°  under  the  ordinary  pressure  was 
hydrolysed  by  boiling  with  an  alcoholic  solution  of  7  grams  of  potassium 
hydroxide  for  about  half  an  hour  in  a  flask  provided  with  a  reflux  con- 
denser. After  being  allowed  to  cool,  water  was  added,  and  the  separ- 
ated oil  collected,  washed,  and  dried  with  anhydrous  sodium  sulphate. 
It  was  then  distilled  under  60  mm.  pressure,  which  removed  a  small 
amount  of  non-volatile,  resinous  matter. 

Fractional  Distillation  of  the  Oil. 

The  hydrolysed  oil,  together  with  the  portion  which  had  previously 
been  separated  under  diminished  pressure,  was  then  submitted  to 
repeated  distillation  under  the  ordinary  pressure,  when  the  following 
fractions  were  ultimately  obtained:  below  165°;  165— 169°  ;  169— 173°; 
173—180°;  180—185°;  185—195°;  195—205°;  205—215°; 
215— 225°;  225— 235°;  235— 245°;  245—255°;  255—270°;  270° 4-. 
The  last-mentioned  fraction  was  a  viscid,  green  oil,  and  amounted  to 
only  3-8  grams. 

Identification  of  Pinene. 

Fraction  below  165°. — This  was  a  colourless,  limpid  liquid,  which 
commenced  to  boil  at  about  157°  and  had  an  odour  of  pinene.  It  was 
nearly  insoluble  in  70  per  cent,  alcohol,  and  amounted  to  23  grams. 

0-1077  gave  0-3444  CO2  and  0-1141  HgO.     C  =  87-2;  H=ll-8. 
^10^16  requires  C  =  88-2  ;  H  =  ll-8  per  cent. 
«Z15°/15°  =  0-8515  ;  aj,  4-61°50'  in  a  1-dcm.  tube. 

This  fraction  evidently  consisted  of  a  hydrocarbon,  and  was  found 
to  contain  pinene,  as  it  yielded  a  small  amount  of  a  crystalline  nitroso- 
chloride,  from  which  the  corresponding  nitrolbenzylamine,  melting  at 
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123'^,  was  prepared.     The  fraction   was  also  examined  for  campheue, 
but  with  a  negative  result. 

Fraction  165 — 169°. — The  weight  of  this  fraction  was  18  grams. 

01324  gave  04274  CO.  and  0-1401  H.p.     C  =  88-0;  H=ll  8. 
dl57l5°  =  0-8494;  a^  +73°50"''  in  a  1-dcm.  tube. 

Fraction  169 — 173°. — The  weight  of  this  fi-action  was  27  grams. 

01352  gave  0-4345  CO,  and  0-1428  H^.     C  =  87-6;  H  =  ll-7. 
(^15715°  =  0-8482;  ao  +79°36"'  in  a  1-dcm.  tube. 

Both  this  fraction  and  that  immediately  preceding  it  were  colour- 
less, limpid  liquids,  and  evidently  cousistod  of  a  mixture  of  pinene 
with  the  constituent  of  the  following  fraction. 

Identification  of  Limonene. 

Fraction  173 — 180°. — This  fraction  represented  by  far  the 
largest  portion  of  the  oil,  and  amounted  to  485  grams.  It  was  a 
colourleiis,  highly  refractive  liquid,  having  the  characteristic  odour  of 
limonene,  and  on  analysis  was  found  to  consist  entirely  of  a  hydro- 
carbon. 

0-1140  gave  0-3679  CO2  and  0-1214  HoO.     C  =  880;  H  =  ll-8. 
Cj^H^g  requires  C  =  88-2  ;  H  =  ll-8  per  cent. 
dl57l5°  =  0-8488;  a^  +89°10'  in  a  1-dcm.  tube. 

It  was  readily  identified  as  rf-limonene  by  the  formation  of  the 
tetrabromide,  which,  after  recrystallisation  from  ethyl  acetate,  melted 
at  104°. 

Fraction  180 — 185°. — The  weight  of  this  fraction  was  46  grams. 

0-1161  gave  0  3657  CO.^  and  0-1211  H,0.     0  =  859;  H-llC 
^15715°  =  0-8588;  a^  +82°42'  in  a  1-dcm.  tube. 

This  fraction  evidently  also  consisted  to  a  largo  extent  of 
cZ-limonene. 

Fraction  185 — 195°. — The  weight  of  this  fraction  was  only  4-8 
grams. 

0-1083  gave  0-3347  CO,  and  0-1128  H.p.     C  =  84-3;  H=ll-6. 
(/1 57 15°  =  0-8727;  a,,  +66^48'  in  a  1-dcm.  tube. 

It  was  evidently  a  mixture  of  the  hydrocarbon  contained  in  the  pie- 
ceding  fractions  with  the  oxygenated  substance  contained  in  Iho 
succeeding  ones. 

Fraction  195 — 205°. — This  fraction,  which  was  very  pale  yellow, 
amounted  to  only  4-1  grams. 

0-1251  gave  0^-3736  CO^  and  0-1293  H,0.     C  =  81-4;  H  =  lI-5. 
dl5715°  =  0-8938  ;  a„  -i-46''32"'  in  a  1-dcm.  tube. 
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It  was  specially  tested  for  linalool,  but  with  a  negative  result. 

Fraction  205 — 215°. — The  weight  of  this  fraction  was  5-9  grams. 
It  was  light  yellow,  and  possessed  a  pleasant,  somewhat  c.imphoraceous 
and  rose-like  odour. 

01287  gave  0-3720  CO2  and  01328  H.O.     0  =  788;  H=ll-5. 
c/15715°  =  0-9179;  a^  +27°8'''ina  1-dcm.  tube. 

As  this  fraction  was  very  small,  it  was  further  examined  in  connec- 
tion with  the  following  one. 

Fraction  215 — 225°. — This  fraction  resembled  the  immediately  pre- 
ceding one  in  odour,  and  amounted  to  8*2  grams. 

0-1018  gave  0-2964  COo  and  0-1057  H2O.     C  =  79-4;  H=ll-5. 
cZ15°/15°  =  0-9242  ;  ai,+  17°0'^in  a  1-dcm.  tube. 

This  fraction  and  the  preceding  one  evidently  contained  the  greater 
proportion  of  the  oxygenated  constituent  of  the  oil,  and  as  their  total 
weights  amounted  to  only  14  grams,  they  wei*e  mixed  together  for  the 
purpose  of  further  examination. 

A  portion  of  the  mixed  liquid  was  treated  with  semicarbazide,  but 
no  semicarbazone  could  be  obtained  from  it.  The  remainder  of  the 
liquid  was  therefore  carefully  oxidised  by  adding  it  slowly  to  a  mixture 
of  eight  times  its  weight  of  potassium  bichromate  and  twelve  times 
its  weight  of  sulphuric  acid,  the  latter  having  been  previously  diluted 
with  three  times  its  volume  of  water.  After  the  first  action  had 
ceased,  the  mixture  was  gently  heated  on  a  water-bath,  with  frequent 
shaking,  for  half  an  hour,  then  cooled,  and  repeatedly  extracted  with 
ether,  which  removed  a  yellow,  oily  substance.  The  latter  was 
subjected  to  steam  distillation,  when  nearly  all  passed  over.  The  non- 
volatile portion  was  examined  for  the  oxidation  products  of  terpineol, 
but  with  a  negative  result.  The  oil  contained  in  the  distillate,  which 
had  a  somewhat  coumarin-like  odour,  was  extracted  with  ether,  the 
ethei-eal  liquid  freed  from  a  trace  of  acid  by  shaking  with  a  solution 
of  sodium  carbonate,  washed,  dried,  and  the  ether  removed.  The  oil 
thus  obtained  was  treated  in  methyl  alcohol  solution  with  semi- 
carbazide hydrochloride  and  sodium  acetate,  and  allowed  to  stand 
overnight.  On  the  addition  of  water,  a  rather  viscid  oil  was  preci- 
pitated, which  did  not  become  crystalline,  and  steam  was  therefore 
passed  through  the  mixture  in  order  to  remove  any  uncombined  oil, 
after  which  the  semicarbazone  solidified  on  cooling.  It  was  accom- 
panied by  a  considerable  amount  of  gummy  matter,  but,  after  being 
dried  and  then  recrystallised  several  times  from  alcohol,  it  was 
obtained  in  tufts  of  small  needles,  which  melted  at  174°.  It  was 
analysed  with  the  following  result : 
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00775  gave  0-1739  COg  and  0-0591  H.p.     C  =  61-2  ;  H  =  8-5. 
CjoHj^ONg  requires  C  =  6r5;  H  =  8-7  per  cent. 

On  warming  a  small  quantity  of  this  semicaibazone  with  dilute 
sulphuric  acid,  the  regenerated  substance  was  observed  to  possess  a 
strong  coumarin-like  odour. 

From  the  analytical  figures  it  would  appear  that  the  semicarbazone 
is  derived  from  a  ketone  (or  aldehyde)  having  the  formula  C^Hj^O, 
and  as  no  substance  reacting  with  semicarbazide  was  originally 
present  in  the  fractions  oxidised,  it  is  probable  that  these  contained 
an  alcohol  of  the  formula  C^,HjgO.  This  view  is  also  in  accordance 
with  the  low  percentage  of  hydrogen  found  in  the  respective  fractions, 
for  Cf,Hj,,0  requires  H=ll"4  per  cent.,  whereas  an  alcohol  of  the 
formula  C^oHisO  requires  H=  11-7  per  cent. 

The  semicarbazone  described  above  does  not  appear  to  be  identical 
with  any  heretofore  obtained,  but  as  the  amount  of  substance  was  so 
very  small,  it  was  not  possible  to  pursue  its  investigation  further. 

Fraction  225 — 235°. — The  weight  of  this  fraction  was  5-2  grams. 
It  was  pale  yellow  and  had  a  distinctly  rose- like  odour, 

0-1323  gave  0-3907  CO,  and  0-1361  H^O.     C  =  80-5  ;  H=ll-4. 
dl5715°  =  0-9236  ;  a^  +11°56'  in  a  1-dcm.  tube. 

The  properties  of  this  fraction  indicated  that  it  might  contain  some 
geraniol  or  a  similar  alcohol  of  rose-like  odour.  An  attempt  was 
therefore  made  to  prepare  the  corresponding  diphenylurethane,  and 
also  to  isolate  the  alcohol  by  means  of  its  conversion  into  the  acid 
phthalic  ester,  but  the  amount  of  material  was  so  exceedingly  small 
that  we  were  unable  definitely  to  identify  any  constituent  of  it. 

Fraction  235 — 245°. — The  amount  of  this  fraction  was  only  2-7 
grams. 

0-1087  gave  0-3287  COo  and  0-1130  H,0.     0  =  82-5;  H=ll-6. 
cn5715°  =  0-9238;  a^  +6°32"ina  1-dcm.  tube. 

Fraction  245 — 255°. — The  weight  of  this  fraction  was  5-3  grams. 

01183  gave  0-3757  COo  and  0-1239  Hp.     C  =  86-6;  H=ll-6. 
rfl5°/15°  =  0-9138;  a^  -f0°56'"in  a  1-dcm.  tube. 

This  fraction  and  that  immediately  preceding  it  also  possessed  a 
rose-like  odour,  and  they  evidently  consisted  of  a  mixture  of  some  of 
the  oxygenated  constituent  of  a  preceding  fraction  with  the  constituent 
of  the  following  one. 
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Isolation  of  a  Xeio  Sesquiterjjene. 

Fraction  255 — 270°. — This  was  a  relatively  large  fi^action,  amouat- 
ing  to  83"2  grams.  It  was  a  yellow,  slightly  viscous  liquid,  having  a 
decidedly  fragrant  odour.  It  was  almost  insoluble  in  70  per  cent, 
alcohol. 

0-1205  gave  0-3855  CO..  and  0-1264  HgO.     C  =  87-2  ;  H  =  ll-7. 
cZ157l5°  =  0-9169;  ap  +  O^S'lna  l-dcoi.  tube. 

The  analysis  and  physical  constants  of  this  fraction  indicated  that 
it  consisted  of  a  nearly  pure,  optically  inactive  sesquiterpene.  It 
distilled  alaiost  entirely  between  260°  and  265°,  and  for  the  most  part 
between  263°  and  264°.  For  its  further  purification  it  was  twice 
distilled  over  metallic  sodium  under  60  mm.  pressure,  when  it  almost 
entirely  passed  over  between  167°  and  171°. 

The  substance  thus  obtained  was  a  slightly  viscid  liquid,  having  a 
pale  fctraw  colour  and  a  delicate  rose-like  fragrance.  It  was  again 
analysed  and  its  constants  determined  with  the  following  result. 

0-1210  gave  0-3896  CO2  and  0-1276  HgO.     C  =  87-8;  H  =  ll-7. 
Cj-H.,^  requires  C  =  88-2  ;  H  =  11-8  per  cent. 
cZ15°/r5°=  0-9100;  optically  inactive  ;  nf=l-o030. 
Molecular  refraction  66-22. 

When  to  a  solution  of  a  drop  of  the  sesquiterpene  in  5  c.c.  of 
glacial  acetic  acid  a  drop  of  concentrated  sulphuric  acid  is  added,  a 
purplish-red  coloration  is  produced,  which  gradually  increases  in 
intensity. 

No  solid  nitrosate  or  nitrosite  could  be  obtained  from  this  sesqui- 
terpene. The  attempts  to  prepare  a  nitrosochloride,  both  by  Tilden's 
method,  as  employed  by  Chapman  in  the  case  of  humulene  (Trans., 
1895,  67,  61),  and  the  method  adopted  by  8chreiner  and  Kramers 
[P/iarm.  Arch.,  1899,  2,  293)  were  equally  unsuccessful.  On  treat- 
ment with  bromine  in  chloroform  it  yielded  an  intensely  violet- 
coloured  liquid;  but  this  evolved  much  hydrogen  bromide,  and  no 
solid  compound  could  be  obtained  from  it.  The  hydrochloride  was 
prepared  by  saturating  an  ethereal  solution  of  the  sesquiterpene  with 
dry  hydrogen  chloride  at  —  5°,  and  allowing  it  to  stand  for  twenty 
four  hours,  but  on  removing  the  solvent  a  brown,  heavy  oil  was- 
obtained,  which  could  not  be  crystallised  even  when  cooled  to  -  15°. 

Although  it  was  impossible  to  obtain  any  solid  derivative  of  this 
sesquiterpene,  and  thereby  definitely  characterise  it,  it  is  evident 
that  it  is  not  identical  with    either    of    the    two    previously    known 
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optically  inactive  sesquiterpenes,  as  will  be  seen  from  the   followin< 
comparison  of  their  properties  : 


Humulene. 
Boiling  point  (ordinary- 
pressure)  263 — 266°(corr.) 

Density,  15715° 0-9001 

Refractive  index,  ?^-"° .  .  1  '5021 

Hydrochloride Liquid 

Nitrosochloride   M.  p.  164—165° 

Nitrosite  ,,      120—121 

Nitrosate „      162—163 


Limene. 


262 


263°  (uncorr. ) 
0-873 
1-4910 
Crystals,  m.  p. 
79—80° 
' '  Unsatisfactory  " 


Sesquiterpene 

from 

Pittosporum  oil. 

263—264°  (corr. ) 
0-9100 
1-5030 
Liquid. 

Could  not  be  ob- 
tained. 


The  sesquiterpene  obtained  from  the  essential  oil  of  the  fruit  of 
Pittosporum  undulatuvi  may  thus  be  regarded  as  a  compound  "which 
has  not  hitherto  been  described.  Its  molecular  refraction  indicates 
that  it  belongs  to  the  group  of  dicyclic  sesquiterpenes  -vvith  two 
ethylenic  linkings,  which  also  includes  humulene  (Trans.,  1895,  67, 
60,  780),  whereas  the  other  known  optically  inactive  sesquiterpene, 
limene,  evidently  belongs  to  the  group  of  monocyclic  compounds 
with  three  ethylenic  linkings  (Trans.,  1904,  85,  416;  Ber.,  1906, 
39,  657). 

Acids  obtained  hy  the  Hydrolysis  of  the  Oil. 

The  strongly  alkaline  aqueous  liquid  which  was  separated  from 
the  hydrolysed  oil,  as  previously  described,  was  freed  from  adhering 
oil  by  shaking  with  ether.  It  was  then  acidified  with  sulphuric  acid 
and  again  extracted  with  ether,  the  ethereal  liquid  well  washed  with 
water,  dried,  and  the  ether  removed.  A  brown,  oily  liquid  was 
thus  obtained,  which  possessed  a  strong  odour  of  valeric  acid,  and 
amounted  to  about  2  grams.  The  acids  contained  in  this  liquid  were 
converted  into  the  potassium  salts,  from  which,  by  the  addition  of 
silver  nitrate,  the  corresponding  silver  salts  were  precipitated  in  eight 
fractions.  These  were  washed,  dried  in  a  vacuum  over  sulphuric  acid, 
and  analysed  : 


Fraction     I. 
II. 
III. 
IV. 
V. 
VI. 
VII. 
VIII. 


0-1570  of  silver  salt  gave  00700  Ag. 


0  2372 
0-2210 
0-2073 
0-1746 
0-1112 
0-1435 
0-1173 


0-1170  Ag. 
01132  Ag. 
01064  Ag. 
0-0900  Ag. 
0-0577  Ag. 
00748  Ag. 
00615  Asr. 


Ag 
Ag 
Ag 
Ag 
Ag 
Ag 
Air 


VOL. 


CgHgOgAg  requires  Ag  =  51-67  per  cent. 
LXXXIX. 


=  44-58. 
=  49-32. 
=  51-22. 
=  51-33. 
=  51-54. 
=  51-89. 
=  52-13. 
=  5243. 

4  c 
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It  is  evident,  therefore,  that  these  acids  consisted  for  the  most  part 
of  valeric  acid,  together  with  very  small  amounts  of  acids  of  a  lower 
and  higher  molecular  weight. 

The  aqueous  liquid,  from  which  these  acids  had  been  removed  by 
means  of  ether,  contained  a  very  small  amount  of  formic  acid. 

Summary. 

The  results  of  this  investigation  have  shown  that  the  essential  oil 
of  Fittosporum  undulatum  contains  the  following  substances  : 

<i-Pinene,  about  4  per  cent. 

cZ-Limonene,  about  75  per  cent. 

Esters  of  valeric,  formic,  and  other  acids,  a  small  amount. 

An  optically  inactive  sesquiterpene,  about  15  per  cent. 

Palmitic  acid  and  an  undetermined  phenol,  in  very  small  amount, 
and  apparently  a  trace  of  salicylic  acid. 

In  conclusion,  the  authors  desire  to  express  their  thanks  to 
Professor  W.  A,  Tilden  for  having  brought  this  oil  under  their 
notice,  and  for  kindly  placing  at  their  disposal  the  specimen  of  it  in 
his  possession. 

The  Wellcome  Chemical  Research  Laboratories, 
londox,  e.c. 


CXI. — A    Study    of   the   Reaction    between    Hydrogen 
Peroxide  and  Potassium  Persulphate. 

By  John  Albert  Newton  Friend,  M.Sc. 

When  aqueous  solutions  of  hydrogen  peroxide  and  potassium  persul- 
phate are  mixed,  bubbles  of  gas  are  set  free,  and  the  mixture  becomes 
acid  to  litmus.  This  at  once  suggests  the  reaction 
H2O2  +  KaS^Og  =  2KHSO4  +  O2. 
But  accurate  estimations  of  hydrogen  peroxide  cannot  be  obtained  by 
direct  titration  with  potassium  permanganate  in  the  presence  of 
potassium  persulphate  (Friend,  Trans.,  1904,  85,  597  ;  compare  Inglis, 
Trans.,  1903,  83,  1014),  Hence,  it  was  not  until  a  suitable  method 
for  its  estimation  under  these  conditions  had  been  devised  (Friend, 
Trans.,  1905,  87,  1367)  that  a  detailed  investigation  of  this  reaction 
became  possible. 

In  what  follows,  NjbO  permanganate  was  used,  being  made  fresh  each 
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day  by  dissolving  0'632  gram  of  the  crystals  in  cold  water  and  dilut- 
ing to  one  litre.  The  thiosulphate  was  iV/100  which  had  been  made 
several  days  previously  (Dupre,  Zeit.  angew.  Chem.,  1904,  17,  815). 
The  potassium  persulphate  was  recrystallised  and  free  from  sulphate, 
and  the  hydrogen  peroxide  was  from  Merck,  and  guaranteed  to  be 
pure.  The  reactions  were  conducted  in  a  thermqstat,  at  25°,  in  '^  Re- 
sistance "  flasks  which  were  well  steamed  out  before  use. 

It  was  first  necessary  to  determine  whether  equivalent  quantities 
of  peroxide  and  persulphate  disappeared  during  the  reaction.  Neutral 
solutions  of  these  were  therefore  mixed,  and  at  regular  intervals  two 
portions  of  2  c.c.  each  were  removed  as  quickly  as  possible.  One 
portion  was  poured  into  from  8  to  12  c.c.  of  about  IN  sulphuric 
acid,  a  slight  excess  of  permanganate  rapidly  added,  and  the  excess 
estimated  iodometrically  according  to  the  instructions  given  in  a 
previous  paper  (Ti'ans.,  1905,  87,  1367).  This  gave  the  amount 
of  peroxide.  The  remaining  2  c.c.  were  poured  into  a  known 
volume  of  acidified  ferrous  sulphate  solution  which  was  then  heated  to 
the  boiling  point  and  the  excess  of  ferrous  sulphate  estimated  with  per- 
manganate. This  gave  the  total  oxidising  power  of  the  solution  due 
to  the  peroxide  and  persulphate  (Le  Blanc  and  Eckardt,  Zeit.  Elektro- 
chem.,  1899,  5,  355).  Subtraction  gave  the  amount  of  the  latter. 
Owing  to  the  slowness  of  the  reaction,  the  error  caused  by  the  short 
interval  of  time  which  elapsed  between  successive  withdrawals  of  the 
2  c.c.  was  negligible. 

The  results  are  given  in  series  I  and  II,  where  A  and  B  represent 
the  initial  concentrations  of  the  peroxide  and  persulphate  respectively, 
calculated  in  c.c.  of  Nj^^  permanganate,  whilst  x-^  and  x^  represent 
the  amount  of  decomposition  of  the  same  after  any  time  t. 

Series  I. 


Time  in  minutes. 

A  —  rfj. 

.Tj. 

B  -  x^. 

X.2. 

0    

15-88  c.c. 

— 

15-31  c.c. 

— 

90    

14-88     ,, 

1-00 

14-22     ,, 

1-09 

150    

13-69     ,, 

2-19 

13-12     ,, 

2-19 

300    

11-00     ,, 

4-88 

10-34     ,, 

4-97 

Two  (lays 

1-01     „ 

14-87 
Series  11. 

0-34     „ 

14-97 

Time  in  minutes. 

A-x,. 

xj. 

B-x.,. 

x.^. 

0    

27-20  c.c. 

— 

7-20  c.c. 

— 

45     

26-64     ,, 

0-56 

6-69     ,, 

0-51 

85    

26-12     ,, 
24-79     ,, 

1-08 
2-41 

6-15     „ 
4-80     ,, 

1-05 

240    

2-40 

320    

24-16     ,, 

3-04 

4-24     ,, 

2-96 

It  was  found  in  every  case  that  x^  =  x.^.     Hence,  for  every  molecule 
of  peroxide    which    disappeared,  a    molecule  of    persulphate  also  dis- 

4  C  2 
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appeared,  even  -when,  as  in  series  II,  the  concenti*ation  of  the  former 
was  much  greater  than  that  of  the  latter. 

This  shows  that  the  equation  given  above  represents,  at  any  rate, 
the  initial  and  final  stages  of  the  reaction. 

.  The  Velocity  of  the  Reaction. 

In  order  to  discover  if  the  reaction  took  place  in  stages,  it  was  now 
necessary  to  determine  its  rate.  Solutions  containing  equivalent 
quantities  of  peroxide  and  pei-sulphate  were  mixed,  the  velocity  of 
decomposition  of  the  former  alone  being  measured.  The  results  of 
one  such  experiment  are  given  in  series  III,  wheie  k^  and  k.2  are  cal- 
culated according  to  the  formulae  for  uni-  and  bi-molecular  reactions 
respectively.  In  order  to  avoid  the  disturbing  effects  of  the  period  of 
induction  {vide  infra)  on  the  values  of  the  constants,  the  first  titration 
was  neglected,  that  made  one  hour  after  mixing  being  taken  as  the 
initial  titration,  and  its  time  as  0. 


Ser 

ies  III. 

Thne  in 

hours. 

A-x. 

X. 

k,. 

Axk^. 

0     ... 

14-78  c.c. 
14-06     „ 
13-19     ,. 

0-72  c.c 
1-59     , 

0-0217 
0-0247 

1    ... 

0-0512 

2    ... 

0-0603 

3-5... 

12-05     ,, 

2-73     , 

0-0253 

0-0647 

4-5... 

11-35     ,, 

3-43     . 

0  0255 

0-0672 

6    ... 

10-36     „ 

4-42     , 

0-0257 

0-0711 

8    ... 

9-16     ,. 

5-62     . 

0-0259 

0-0767 

It  will  be  seen  that  the  values  for  k.2  show  no  approach  to  constancy. 
The  reaction,  therefore,  is  unimolecular.  But  this  conclusion  could 
not  be  so  readily  drawn  from  all  the  reactions.  It  occasionally 
happened  that  there  was  bub  little  to  choose  between  the  values  for 
k^  and  k^.  But  it  is  important  to  notice  that  whilst  the  majority  of 
the  reactions  were  found  (as  in  series  III)  to  yield  constant  values  for 
k^,  and  variable  for  k2,  no  cases  were  encountered  in  which  the  con- 
verse was  true. 

The  dilution  formulae  of  van't  Hoff  and  Noyes  could  not  be  used  to 
verify  this,  for  they  gave  contradictory  results.  This  was  because  no 
two  reactions  at  different  dilutions  were  strictly  comparable  (compare 
Donnan  and  Le  Hossignol,  Trans.,  1903,  83,  709).  For  example,  on 
one  occasion  a  reaction  was  begun  with  A  =  B  =13'25  c.c.  At  the 
expiration  of  tvventy-two  hours,  the  amount  decomposed  was  9-04  c.c, 
whilst  a  few  days  previously,  when  ^  =  ^  =  16-80  c.c,  the  concentration 
had  only  fallen  by  7-35  c.c.  in  the  same  number  of  hours.  At  other 
times  the  exact  opposite  would  occur.  Price  and  Denning  {loc.  cit.) 
have  called  attention  to  similar  behaviour  in  the  presence  of  colloidal 
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platinum.  This  cannot  be  due  to  the  catalytic  action  of  the  decom- 
position products  of  glass,  since  it  is  shown  later  that  the  sulphates  of 
sodium,  potassium,  and  manganese  exert  only  a  slight  action  on  the 
mixtures  even  in  concentrated  solutions.  It  is  more  probably  caused 
by  a  variation  in  the  length  of  the  period  of  induction  {vide  hifrci) 
consequent  upon  the  changes  in  dilution. 

The  fact  that  the  reaction  is  unimolecular  and  not  bimolecular,  as 
we  should  expect  from  the  equation,  may  be  explained  on  the  assump- 
tion that  an  intermediate  compound  is  first  formed  between  the 
peroxide  and  persulphate,  and  this,  being  more  unstable  than  either, 
rapidly  decomposes.  It  is  the  rate  of  decomposition  of  this  compound 
which  is  measured.  This  is  in  agreement  with  the  theory  advanced 
by  Kastle  and  Loevenhart  {Amer.  Chem.  J.,  1903,  29,  563)  and  is 
supported  by  the  two  following  facts  : 

(1)  Since  a  molecule  of  peroxide  disappears  for  every  molecule  of 
persulphate,  the  rate  of  decomposition  of  the  one  indicates  that  of  the 
other.  The  results  given  in  series  IV  and  V  indicate  that  the 
velocity  of  decomposition  of  the  persulphate  is  independent  of  the 
concentration  of  the  peroxide,  always  provided  that  the  latter  is 
present  in  excess. 


Series  IV. 

Series  V. 

A  = 

=  26-14  c.c.  ;  B  = 

8-06 

c.c. 

A 

=  18-75  c.c. 

;  5  =  8-06 

Time  in 

lOUl'S. 

A-x. 

X, 

A-x. 

X. 

0 
4 

8 

.     26-14  c.c. 
.     23-80     ,, 
.     22-12     ,, 
.     20-34     ,, 
.     19-54     ,. 

2-34  c.c. 
4-02     ,, 
5-80     ,, 
6-60     „ 

18-95  c.c. 
16-86     „ 
15-28     ,, 
13-37     ,, 
12-53     ., 

2-09  c.c. 
3-67     ., 

15 
21 

5-58     .. 
6-42     ., 

This  result  is  precisely  what  we  should  expect.  If  with  a  certain 
concentration  of  peroxide  the  main  part  of  the  persulphate  is  com- 
bined to  form  an  intermediate  product,  a  further  addition  of  the 
former  would  not  appreciably  alter  the  amount  of  this  compound,  and 
hence  its  rate  of  decomposition  would  remain  unaltered. 

Too  much  reliance,  however,  must  not  be  placed  on  this  kind  of 
evidence,  since  it  has  been  pointed  out  that  experiments  performed  at 
different  dilutions  are  not  always  strictly  comparable. 

(2)  When  curves  for  the  reactions  were  drawn,  a  "  period  of 
induction  "  was  found  to  exist.  This  affords  very  strong  evidence  in 
favour  of  the  theory  of  the  formation  of  an  intermediate  compound, 
for  the  delay  occasioned  by  its  formation  is  a  necessary  consequence  of 
the  law  of  mass  action  (compare  Mellor,  Trans.,  1902,  81,  1280).  In 
some  cases,  the  period  of  induction  appears  to  consist  of  two  parts  :  (i)  a 
period  of  inactivity  during  which  no  chemical  action  takes  place,  and 
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(ii)  a  period  of  gradually  increasing  chemical  activity.  In  order  to 
discover  whether  these  two  periods  could  be  distinguished  in  the 
present  case,  a  series  of  experiments  was  carried  out  in  which  the 
concentration  of  the  peroxide  was  determined  every  few  minutes. 
Series  YI  is  a  typical  experiment,  and  the  results  are  given  in  the 
curve. 

Series   VI.—A=B. 


Time  in 

minutes.  A  -  x. 

0  17-34  c.c. 

6  17-26     ,, 

13  17-21     ,, 

21   17-11     „ 


Time  in 

minutes.  A-x. 

31    16-90  c.c. 

41     16-75     ,, 

51    16-57     ,, 

61    16-37     ,. 


Time  in 

minutes.  A-x. 

81     16-08  c.c. 

101     15-62     ,, 

111     15-47     ,, 


c.c. 
17-34 


17-00 


M 


16-00 


\ 

\ 

X 

\ 

^ 

50 
Time  in  minutes. 


100 


It  will  be  seen  that  no  period  of  inactivity  is  apparent. 


Isolation  of  Intermediate  Compound. 

Compounds  of  hydrogen  peroxide  and  various  salts  have  been 
isolated  (see  Mellor,  Chemical  Statics  and  Dynamics,  1904,  p.  331, 
where  a  full  list  of  references  is  given).  It  was  thought,  therefore, 
that  it  might  be  possible  to  effect  a  separation  of  the  compound  between 
hydrogen  peroxide  and  potassium  persulphate,  of  whose  existence  we 
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have  already  had  several  indications.     Most  of  the  compounds  which 
have  hitherto  been  prepared  have  consisted  of  the  peroxide  attached  to 
a    stable    salt ;    for  example,    cadmium    chloride,   as    in  CdC]o,2H202 
(Staedel,  1902),  or  ammonium  sulphate,  as  in  (NH^)2S04,H202  (Will- 
statter,  1903),  but  in  the  present  case   we   are   dealing  with  a  per- 
sulphate which  is  unstable  in  solution,  and    which  is  readily  attacked 
by  the  peroxide.      It  was  therefore  to  be  expected  that  the  compound 
would  be   excessively  unstable,  and  difficult  to  isolate.     Solutions  of 
hydrogen  peroxide   and  potassium  persulphate   were  mixed  at    -  10° 
in    a   vessel   surrounded    by   ice    and    salt.       The    half-frozen    mass 
remained    neutral    to  litmus   for  upwai-ds  of    fifteen    minutes,  show- 
ing that  at  this  low   temperature  the   velocity  of    the  reaction    was 
very  small.      No  indication,  however,  could  be  obtained  of  the  forma- 
tion of  an  additive  compound.     Some  powdered  persulphate  was  then 
put  in  a  glass  basin,  covered  with  concentrated  peroxide,  and  placed  in 
a  desiccator  over  sulphuric  acid.     Bubbles  of  oxygen  gas  were  rapidly 
evolved,  together  with  a  trace  of  ozone,  whose  presence  could  be  detected 
(i)  by  a  faint  odour,  (ii)  by  its  action   on  a  filter  paper  soaked  in  an 
alcoholic  solution  of  4  :  4'-tetramethyldiaminodiphenylmethane  (Arnold 
and  Menzel,  Ber.,  1902,  35,  1324  ;  Fischer  and  Braehmer,  Ber.,  li)06, 
39,  943;  Arnold,  ihid.,  1528).     In    the  course  of  a  few  weeks,  the 
peroxide  had  evaporated  and  a  white,  crystalline  mass   remained.     A 
portion  of  this  was  dissolved  in  very  dilute  sulphuric  acid,  evolving 
bubbles  of  gas  and  emitting  a  faint  crackling  sound.     The  presence 
of  hydrogen  peroxide  was  indicated  by  the  titanium  sulphate  test.     As 
this    might   have    been    due    to    negative    crystals    of    peroxide,    the 
remainder  was  finely  powdered  and  left  in  the  desiccator.     Some  days 
later,    the    powder    was    removed    and     found    to    dis.«oIve    in    dilute 
sulphuric  acid,  evolving  bubbles  of  gas  and  leaving   peroxide  in  solu- 
tion, as  before.     The  powder  was  kept  for  several  weeks  and  tested 
from  time  to  time.     Gradually,  however,  the  hydrogen  peroxide   dis- 
appeared.    It  is  highly  probable,  therefore,  that  in  this  way  the  inter- 
mediate compound  had  been  isolated  in  an  impure  form,  and  that  on 
contact  with  water  it  decomposed  into  oxygen,  potassium  sulphate  and 
persulphate,  and  hydrogen  peroxide,  the  reaction 

being  reversible. 

A  few  experiments  were  made  in  order  to  determine  the  relative 
amounts  of  the  two  constituents,  but  inconclusive  results  were 
obtained  owing  to  the  impossibility  of  preparing  the  pure  substance. 

If  in  the  above  formula  a;  =  y  =  1 ,  the  compouu'i,  K.^S.Og, H2<^2' 
has  the  same  empirical  formula  as  the  potassium  salt  of  Caro's  per- 
monosulphuric   acid.     But  no  indications  were  ever  obtained  of  the 
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formation  of  the  latter  salt,  which  has  been  recently  prepared  and 
described  by  Price  (Trans.,  1906,  89,  53). 

The  Influence  of  Sulphuric  Acid. 

As  shown  in  series  YII,  VIII,  and  IX,  sulphuric  acid  greatly 
retards  the  reaction  provided  it  is  present  in  sufficient  amount  to 
decompose  all  the  persulphate.  If  less  than  this  quantity  is  present, 
its  effect  is  scarcely  perceptible.  This  is  in  accordance  with  previous 
results  (Trans.,  1904,85,  601;  1905,  87,  1369;  compare  Baubigny, 
Compt.  rend.,  1903,  136,  449,  1325),  and  is  probably  due  to  the  libera- 
tion of  persulphuric  acid,  which  is  but  slightly  dissociated,  thus  hinder- 
ing the  formation  of  the  intermediate  compound. 

Series  VII.  Series  VIII.  Series  IX. 

A  =  B.     m/ao  HgSO^.      A  =  B.  m/3-5  H^SO^.       A  =  B.  m/1  -8  HaSO^. 

Time  in 

hours.  A-x.  X.  A—x.  x.                     A-x.              x. 

0  14-07  c.c.  —  14-07  c.c.  —  14-07  c.c.           — 

2  12-12    ,,  1-95  13-07     ,,  1-00  13-18     ,,  0-89 

5-5           8-99   ,,  5-08  10-99     ,,  3-08  11-62     ,,  2-45 

It  was  interesting  to  determine  if  equivalent  quantities  of  peroxide 
and  persulphate  disappeared  in  acid  as  well  as  in  neutral  solution.  With 
this  object,  series  X  and  XI  were  performed  in  an  exactly  similar  manner 
to  series  I  and  II. 

Series  X. — -m/Q  HgSO^. 


Time  in  hours. 

A  -  ,'c^. 

X,. 

B  -  a;,,. 

x^. 

0       

15-41  c.c. 

13-87     ,, 

12'15     ,, 

4-93     ,, 

1-54 

3-26 

10-48 

16-41  c.c. 

15-01     ,, 

13-35     „ 

6-52     „ 

2    

1-40 

4-5 

24    

3-06 
9-89 

Series 

XI~ 

-m/Q  HgSO^. 

Time  in  hours. 

A-x,. 

Xy 

B-x,. 

a-2. 

0    

3    

21-15  c.c. 
19-94     ,, 
18-12     ,, 
13-34     „ 

1-21 
3-03 
7-81 

15-48  c.c. 

14-25     ,, 

12-74     „ 

8-11     ,, 

1-23 

7     

23-5 

2-74 
7-37 

The  peroxide  shows  a  slight  tendency  to  disappear  more  rapidly  than 
the  persulphate.     In  addition  to  the  main  reaction,  the  side  reaction 

HoOg-HjO-l-O 
also  takes  place.  .  . 
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The  Effect  of  Colloidal  Platinum. 

This  has  already  been  studied  by  Price  and  Denning  (loc.  cit.),  but  as 
these  authors  estimated  the  peroxide  in  the  presence  of  persulphate  by 
direct  titration  with  permanganate,  their  results  required  verification . 

The  colloidal  platinum  was  prepared,  according  to  the  method  given 
by  Bredig  {Zeit.  physikal.  Chem.,  1899,  31,  258),  by  Messrs.  Philip 
Harris  &  Co.  (Birmingham),  to  whom  I  am  glad  to  have  this  opportunity 
of  expressing  my  indebtedness.  The  concentration  of  the  solution  was 
not  determined,  this  being  deemed  unnecessary. 

Series  XII  and  XIII  show  how  closely  two  series  of  experiments 
agree  when  performed  at  the  same  time  and  with  solutions  of  similar 
concentration  ;  but  comparable  results  could  not  be  obtained  when  the 
concentrations  were  varied.  In  order  to  avoid  the  disturbing  effects  of 
the  period  of  induction,  the  platinum  was  added  after  the  peroxide  and 
persulphate  had  been  mixed  for  fifteen  minutes. 

S-ivies  XII  and  XIII.— A  =B. 


Time  in  minutes. 

1     

6     ..... 

11     

A  -  X. 

14-11  c.c. 

11-24     ,. 

10-21  ,, 
9-01  ,. 
8-04  ,, 
6-80     ., 

X. 

2-87 
3-90 
5-10 
6-07 
7-31 

A-x. 
13-95  C.r. 
11-68     ,, 
10-05     ., 

8-73     .. 

7-76     ,, 

6-49     ,. 

X. 

2-27 
3-90 

16    

5-22 

20     

6-19 

26     

7-46 

In  series  XIV  and  XV  are  given  the  results  of  estimating  both  com- 
ponents in  neutral  and  acid  solution  respectively.  They  were  performed 
in  an  exactly  similar  manner  to  series  I  and  II,  but,  owing  to  the 
increased  velocity  of  the  reaction,  it  was  necessary  to  allow  for  the 
interval  of  time  elapsing  between  the  successive  withdrawals  of  2  c.c. 
from  the  reaction  mixture. 


Series  XIV.- 

—m/oo 

HoSO^. 

Time  in 

miuntes. 

A — x^. 

•'«i- 

£-x„. 

X2. 

1-5... 

16-40  c.c. 

15-42  c.c. 

ao-5 .. 

13 -.32     ,, 

3-08 

14-84     ,, 

0-58 

80-5... 

11-07     ,, 

5-33 

13-82     ,, 

1-60 

150-5  .. 

8-89     ,, 
7-22     ,, 

7-51 
9-18 

12-29     ,, 
11-33     ,, 

3-13 

220-5... 

4-09 

Series  XV.- 

-m/6  H2SO4. 

Time  in 

minutes. 

A   -  Xy 

Xy 

B-x^. 

x^. 

1-5... 

12-35  c.c. 
11-08     „ 

1-27 

12-52  c.c. 
12-30     ,, 

16-5... 

0-22 

31-5... 

10-41     ,, 
9-91     „ 
9-84     ,, 

1-94 
2-44 
3-01 

12-36     ,, 
12-08     ,, 
12-05     ,, 

0-16 

46-5  .. 

0-44 

66-5.. 

0-47 
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In  neutral  solution,  the  peroxide  decomposed  rather  more  than  twice 
as  rapidly  as  the  persulphate,  whilst  in  acid  solution  the  latter  scarcely 
underwent  any  decomposition  at  all.  This  result  agrees  with  that 
obtained  by  Price  and  Denning  {loc.  cit.,  p.  94). 

The  Effect  of  Dissolved  Sulphates. 

It  was  thought  that  the  study  of  the  effect  of  soluble  sulphates  on 
the  reaction  might  throw  further  light  on  the  retarding  action  of 
sulphuric  acid. 

1.  Sodium  Sulphate. — The  pure  anhydrous  salt  (Kahlbaum)  was 
used.  In  concenti"ated  solutions  it  exerted  a  slight,  but  decided, 
retarding  action,  probably  caused  by  a  suppression  of  the  dissociation 
of  the  persulphate,  owing  to  the  presence  of  so  many  neutral  ions. 


Time  in  hours. 
0     

m/oo  Na2S04. 

A  -X. 

15-50  c.c. 

10-36     ,, 

5-46     ,, 

1-96     ,, 

m/10  Na2S04. 

A-x. 

15-50  c.c. 

10-96     ,, 

6-59     ,, 

2-65     ,, 

m/5  NajSO^ 

A-x. 
15-50  c.c. 

7     

11-04     ,, 

20     

6-80     ,, 

47     

2-85     ,, 

2.  Manganese  Sulphate. — Thesalt  on  analysis  was  found  to  be  free  from 
iron,  and  to  be  correctly  represented  by  the  formula  MnSO^.iHgO. 
We  might  expect  this  salt  to  accelerate  the  reaction,  for  manganese 
dioxide  is  gradually  precipitated  from  solutions  containing  manganese 
sulphate  and  potassium  persulphate,  and  is  immediately  dissolt^ed  again 
on  addition  of  hydrogen  peroxide.  It  Avas  found,  however,  that  even 
m/10  solutions  exerted  a  very  slight  retarding  action  on  the  initial 
stages  of  the  reaction.  This  shows  that  it  is  not  the  Mn"  ion  which 
renders  inaccurate  the  direct  titration  of  hydrogen  peroxide  with 
potassium  permanganate  in  the  presence  of  persulphates  (compare 
Inglis,  loc.  cit.).  As  the  reaction  proceeded  towards  completion,  how- 
ever, a  slight  accelerating  action  was  observed. 

3.  Potassium  Sulp)hate. — The  pure  anhydrous  salt  (Kahlbaum)  was 
used,  and  was  found  to  exert  a  retarding  action  very  similar  to  that  of 
sodium  sulphate. 

Summa/ry. 

The  results  given  in  this  paper  may  be  briefly  summarised  as 
follows  : 

1 .  Solutions  of  hydrogen  peroxide  and  potassium  persulphate  inter- 
act according  to  the  equation  : 

H2O2  +  KgSgOg  =  2KHS0,  +  O2. 

2.  The  reaction  is  unimolecular,  due  to  the  formation  of  a  highly 
unstable  intermediate  compound. 
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3.  This  compound  may  be  prepared  in  an  impure  form  by  evaporating 
a  mixture  of  hydrogen  peroxide  and  potassium  persulphate  over 
sulphuric  acid. 

4.  Sulphuric  acid  has  a  retarding  effect  on  the  reaction,  as  have  the 
sulphates  of  sodium,  potassium  and  manganese — the  last  named 
accelerating  slightly  as  the  reaction  nears  completion. 

5.  Colloidal  platinum  accelerates  the  reaction,  the  hydrogen  peroxide 
undergoing  rapid  additional  decomposition. 

In  conclusion,  I  have  pleasure  in  thanking  the  Research  Fund 
Committee  for  a  grant  which  has  defrayed  the  greater  part  of  the 
expense  entailed  by  this  work. 

The  Grammar  School, 
"Watford. 


CXII. — Optically  Active  Reduced  Naphthoic  Acids. 
Part  II.  The  Resolution  of  the  Tetrahydro- 
naphthoic    Acids. 

By  Robert  Howson  Pickard  and  Joseph  Yates. 

The  tetrahydronaphthoic  acids  were  prepared  by  von  Baeyer  and  his 
co-workers  {Annalen,  1891,  266,  198)  by  the  reduction  of  the 
naphthoic  acids  by  means  of  sodium  in  boiling  amyl  alcohol.  Each 
contains  an  asymmetric  carbon  atom.  We  have  therefore  resolved 
them  into  their  optical  antipodes  by  the  fractional  crystallisation  of 
the  ?-menthyl amine  salts  in  order  to  compare  the  molecular  rotatory 
power  of  each  with  that  of  the  A-''""^'-dihydro-l-naphthoic  acid  (Part  I, 
Trans.,  1905,  87,  1766).  The  readiness  with  which  these  resolutions  can 
be  carried  out  affords  another  example  of  the  usefulness  of  ^menthyl- 
amine  for  the  resolution  of  inactive  acids  (compare  Pickard  and 
Neville,  Part  I,  loc.  cit.,  and  Neville,  this  vol.,  384). 

The  active  ion  of  1:2:3: 4-tetrahydro-l -naphthoic  acid  has  a 
molecular  rotatory  power  which  is  very  much  less  than  that  of  the 
corresponding  A^-dihydro-acid.  This  is  doubtless  due  to  the  proximity 
of  the  double  linking  to  the  asymmetric  carbon  atom. 

The  results  obtained  are  compared  in  the  following  table  : 

M:2:3:4-  M  :  2  :  3  :  4-  A-f'"'"-Di- 

Molecular  rotatory  Tetrahj'dro-1-       Tetvahydro-2-  hydro-l- 

power.  naphthoic  acid,     naphthoic  acid.      naphttioic  acid. 

AcidinCHClg    -28-1°  -91-2°  ±370-4° 

AcidinCgHg  -92-1  -879  ±309-5 

Sodium  salt  in  H„0    ..  -2M  -905  ±374-5. 
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Resolution  o/*  1  :  2  :  3  :  A-Tetrahi/dro-l-najjhtkoic  Acid. 

\-Menthylamine  1-1:2:3:  4:-Tetrahydro-l-naphthoate. — The  racemic 
acid  (1  mol.)  was  dissolved  in  the  calculated  quantity  of  sodium 
bicarbonate  solution  and  mixed  with  a  solution  of  Z-menthylamine 
hydrochloride  (1  mol.).  The  pasty  mass  of  the  1-B-l-A  and  1-B-d-A 
salts,  which  is  immediately  precipitated,  soon  becomes  hard  and 
brittle.     It  then  melts  indefinitely  at  below  100°,  and  has  [ajo  about 

— 18'5°  in  absolute  alcohol.  The  products  from  four  successive 
crystallisations    of    this   from   acetone  had   [a]i,    in   absolute    alcohol 

-  20-6°,  -  26-0°,  -  28-9°,  -  29-3°.  The  pure  1-B-l-A  salt  was  obtained 
from  the  fifth  recrystallisation  in  large,  glassy,  stout  prisms  melting  at 
123°. 

0-3710  made  up  to  19-8  c.c.  with  absolute  alcohol  gave  a-  1"10°  ;* 
whence  [aju- 29-35°  and  [M]d-97-1° 

The  salt  was  boiled  with  a  known  excess  of  sodium  hydroxide  until 
all  the  menthylamine  was  driven  off,  when  the  hydroxide  remaining 
was  titrated. 

0'5654  treated  in  this  way  used  0*0656  NaOH.  The  calculated 
quantity  required  is  0  0683  NaOH. 

1-1:2:3:  4:- Tetrahydro-1 -naphthoic  Acid. — The  pure  1-B-l-A  salt  was 
treated  with  an  excess  of  sodium  carbonate  and  the  menthylamine 
removed  by  ether.  The  Isevo-acid,  obtained  from  the  aqueous  solution 
of  the  sodium  salt  by  precipitation  with  hydrochloric  acid,  crystallises 
from  light  petroleum  in  colourless,  glistening  plates  melting  at  52 "5°. 
The  purity  of  the  acid  was  proved  by  combustion  and  titration 
experiments. 

The  following  polarimetric  observations  were  made  : 

0-3259  made  up  to  20  c.c.  with  chloroform  gave  a- 0-52°  j  whence 
[aJD- 15-95°  and  [M]d- 28-07°. 

0-3480  made  up  to  19*8  c.c.  with  benzene  gave  a- 1-84°;  whence 
[a]o  -  52-34°  and  [M]d  -  92-12°. 

0-2812  exactly  neutralised  by  19-8  c.c.  of  a  solution  of  NaOH 
gave  a -0-34°;  whence  the  sodium  salt  has  [aji,- 10-64°  and 
[M]d- 21-07°. 

The  mercurous,  lead,  silver,  and /erric  salts  are  insoluble,  whilst  the 
mercuric,  zinc,  manganese,  viagnesium,  calcium,  and  barium  salts  are 
soluble  in  water. 

\- Menthylamine  d-l '.2 -.3  :  4:-(etrahydro-l-7iaphthoale  was  obtained 
from  the  most  soluble  fractions   in   the  acetone  mother   liquors.     It 

*  All  polarimetric  observations  recorded  ia  this  paper  were  made  in  a  2-dcm.  tube. 


Reduced  NAPHTitoic  acids.    I'art  n.  1103 

crystallised  in  hard,  rhombic  crusts,  melted  not  very  sharply  at  78°, 
and  had  [aju  -  12-79°  in  absolute  alcohol. 

The  dextro-sicid  obtained  from  this  salt  was  not  quite  pure.  When 
crystallised  from  light  petroleum,  it  melted  at  49 — 50°  and  had 
[a]D  + 1401°  in  chloroform.  A  mixture  of  equal  parts  of  this  acid 
and  the  pure  Itevo-isomeride  was  crystallised  once  from  light  petrol- 
eum, when  it  melted  at  82°  and  was  obtaioed  in  the  characteristic 
crystalline  form  of  the  racemic  acid,  which  melts  at  85°  (Baeyer, 
loc.  cit.). 

Resolution  o/'  1  :  2  :  3  :  ^-Telrahydro-'^-naphthoic  Acid. 

The  resolution  of  the  corresponding  tetrahydro-2-Daphthoic  acid  was 
carried  out  in  a  similar  manner  with  ^menthylamine.  The  mixture, 
of  1-B-l-A  and  1-B-d-A  salts  had  [ajo- 22-86°  in  absolute  alcohol. 
The  pure  1-B-l-A  salt  was  obtained  after  ten  crystallisations  from 
acetone  in  the  form  of  stout,  rhombic  prisms  which  melted  at  150°. 

0-3027  made  up  to  20  c.c.  with  absolute  alcohol  gave  a  — 1-67°  ; 
whence  [a]^  -  55-17°  and  [MJq- 182-6°. 

The  salt  was  analysed  as  before  : 

0-5283  used  0-0660  NaOH.  The  calculated  quantity  required  is 
0-0639  NaOH. 

1-1:2:3:  ^-Tetrahydro-2-naphthoic  acid  crystallises  in  prismatic 
needles  from  light  petroleum  and  melts  at  99°,  that  is,  3°  higher  than 
the  inactive  acid  (Baeyer,  loc.  cit.). 

0-2798  made  up  to  20  c.c.  with  chloroform  gave  a-  1-45°;  whence 
[a]i>  -  51-82°  and  [M]d  -  91-2°. 

0-2764  made  up  to  20  c.c.  with  benzene  gave  a  -  1-38°  ;  whence 
[  a]o  -  49-96°  and  [M]d  -  87-9°. 

The  sodium  salt  is  precipitated  as  a  microcrystalline  powder  when 
ether  is  added  to  its  solution  in  alcohol. 

0-2315  gave  0-0761  Na^SO,.     Na=  10-65. 

0-3094  lost  0-0257  when  heated  at  105°.     ^,0  =  8-30. 

CiiHi^OgNaHgO  requires  isra=  10-65  ;  H20  =  8-33  per  cent. 

02746  made  up  to  20  c.c.  with  water  gave  a- 1-15°;  whence 
[ajo  -  41-88°  and  [M]d  -  90-5°. 

The  silver,  lead,  mercurous,  mercuric,  copper,  ferric,  zinc,  and 
cadmium  salts  are  insoluble,  whilst  the  manganese,  magnesium, 
barium,  and  calcium  salts  are  soluble  in  water. 

d-1  :  2  :  3  :  i-Tetraliydro-2-naphthoic  Acid. — The  pure  1-B-d-A  salt  is 
very  soluble  in  acetone  and  was  not  obtained  pure,  the  purest  specimen 
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having  La]D  +  l"66°  in  absolute  alcohol.  The  acid  prepared  from  this 
salt  crystallised  from  dilute  acetic  acid  in  stout,  prismatic  needles  and 
melted  at  99°. 

0"3073  made  up  to  20  c.c.  with  chloroform  gave  a+l'24°5  whence 
[a]D  +  40'35°. 

0"2986  made  up  to  19  9  c.c.  with  benzene  gave  a  +  l"08°;  whence 
[a]i,  +  35'98°. 

The  difference  exhibited  in  the  rotation  of  1:2:3: 4-tetrahydro- 
l-naphthoic  acid  when  dissolved  in  benzene  and  in  chloroform  is 
probably  due  to  association  with  the  solvent  in  the  case  of  the 
benzene.  This  assumption  is  supported  by  the  following  ebullio- 
scopic  determinations  of  the  molecular  weights,  for  which  we  are 
indebted  to  Mr.  Tom  Thornley. 

Concentration  Apparent 

of  sohition.  molecular 

Solvent.     Per  cent.  weight. 

r-1  :  2  :  3  :  4-Tetrahydro-l -naphthoic  acid CHCI3  2*5  176 

CgHe  2-1  349 

CgHe  4-7  296 

Z-1  :2  :3  :4-Tctraliydro-l -naphthoic  acid CeHg  3*9  312 

rf-1  :  2  :  3  :  4-Tetrahydro-2-naphthoic  acid CqHq  2-3  234 

CHCI3  1-7  213 

We  wish  to  express  our  thanks  to  the  Researcli  Fund  Committee  of 
the  Society  for  a  grant  which  has  defrayed  some  of  the  cost  of  the 
material  for  this  work. 

Municipal  Technical  School, 
Blackburn. 


CXIII. — The  Constitution  of  Umhellulone. 

By  Frank  Tutin. 

In  the  course  of  a  chemical  examination  of  the  essential  oil  of 
Calif ornian  Laurel  {Umhellularia  Calif ornica),  Power  and  Lees  (Trans., 
1904,  85,  629)  isolated  a  new  ketone,  which  they  designated 
"  umbellulone."  This  ketone  was  shown  to  have  the  formula  C^qH^^O, 
and  to  contain  only  one  ethylenic  linking,  which  indicated  the 
presence  of  two  closed  rings.  Power  and  Lees  also  showed  that 
umbellulone  behaves  abnormally  when  treated  with  semicarbazide  or 
hydroxylamine,  for  not  only  does  the  usual  reaction  with  the  carbonyl 
group  take  place  on  treatment  with  either  of  these  i-eageuts,  but  a 
molecule  of  the  base  also  becomes  attached  to  the  carbon  atoms  of  the 
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ethylenic  linking.  This  behavioui^  has  been  shown  by  Harries  and  his 
pupils  {Ber.,  1897,  30,  230),  by  Tiemann  {Ber.,  1897,  30,  251,  and 
1900,  33,  562),  and  by  Kupe  and  Schlochoff  {Ber.,  1903,  36,  4377)  to 
be  a  property  of  those  ketones  which  contain  an  ethylenic  linking  in 
the  a^-position  with  respect  to  the  carbonyl  group.  It  was  there- 
fore indicated  that  umbellulone  was  an  a/3-unsaturated  cyclic  ketone 
containing  two  closed  rings. 

The  behaviour  of  umbellulone  towards  certain  reagents  was  further 
studied  by  Lees  (Trans,,  1904,  85,  639),  and  the  results  obtained  by 
him  may  be  summarised  as  follows  : 

On  treatment  with  bromine,  umbellulone  formed  a  liquid  dibromide, 
which,  on  distillation  under  diminished  pressure,  gave  solid  dibromo- 
dihydroumbellulone,  Cj^H^^OBrg,  an  unsaturated  liquid  monobromo- 
umbellulone,  C^gH^gOBr,  and  a  small  amount  of  a  hydrocarbon,  CjqHj4. 
The  unsaturated  monobromoumbellulone,  on  reduction  with  zinc  dust 
and  acetic  acid,  yielded  a  saturated  ketone,  C^gH^gO,  whilst  on  submit- 
ting dibromodihydroumbellulone  to  a  similar  treatment  monobromo- 
dihydroumbellulone,  CjqHjjOBi',  was  obtained  ;  the  latter,  on  reduction 
with  sodium  in  alcohol,  gave  tetrahydroumbellulol,  C^qH2qO.  It  was 
also  stated  that  "umbellulone  is  readily  oxidised  by  potassium  per- 
manganate, yielding  a  lactone,  Q^^^^O.^,  together  Avith  several  acids 
which  were  not  further  investigated," 

As  Mr.  Lees  has  been  unable  to  continue  the  investigation  of  this 
ketone,  the  avithor,  in  agreement  with  him,  has  further  studied  the 
derivatives  of  umbellulone,  more  especially  the  products  of  its  oxidation 
with  potassium  permanganate.  The  present  communication  embodies 
the  results  obtained,  and  the  conclusions  which  may  be  di'awn  from 
them  respecting  the  constitution  of  this  ketone. 

Throughout  this  investigation  it  has  been  borne  in  mind  that  the 
material  available  for  the  greater  part  of  the  work  could  not  be 
regarded  as  a  pure  substance,  as  it  represented  a  fraction  of  the 
essential  oil  collected  over  a  range  of  10  degrees.  Control  experiments 
were  therefore  made  with  the  use  of  pure  umbellulone  which  had  been 
regenerated  from  its  semicarbazido-semicarbazone,  and  the  compounds 
here  described  as  derivatives  of  umbellulone  are  only  such  as  were 
obtained  from  the  pure  ketone. 

When  umbellulone,  CjqHj^O,  is  oxidised  with  cold  permanganate,  a 
monocarboxylic  keto-acid,  C.jHj^Og  (b.  p.  193 — 195°/50  mm, ;  m.  p.  102°), 
is  the  principal  product.  This  has  been  designated  umhellulonic  acid. 
It  yields  a  crystalline  oxime  (m.  p.  169 — 170°),  and  evidently  contains 
the  group  -CO'CHg,  since,  on  warming  with  iodine  in  presence  of 
sodium  carbonate,  it  readily  gives  iodoform.  The  umhellulonic  acid 
thus  obtained  is  associated  with  smaller  amounts  of  acids  of  higher 
boiling  point,  but  these  could  not  be  isolated  in  a  state  of  purity  owing 
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to  the  presence  of  oxidation  products  derived  from  substances  other 
than  umbellulone  contained  in  the  fraction  of  oil  employed.  When 
this  mixture  of  acids  is  slowly  distilled  under  20  mm,  pressure,  water 
is  eliminated,  and  a  portion  of  the  umbellulonic  acid  passes  into  an 
unsaturated  lactone,  CgH-jgOg  (b.  p.  129 — 135°/50  mm.),  which,  on  solu- 
tion in  potash,  again  yields  the  keto-acid.  This  lactone  is,  in  fact, 
produced  by  the  elimination  of  water  from  the  enolic  modification  of 
umbellulonic  acid. 

CO 

C6Hio<cq!qjj^  ^  ^«3Hio<c(oH):CH2  ^  ^o^io^/^     +    HgO. 

UlCHa 

Umbellulonic  acid.  Euolic  modification.  Lactone. 

The  change  from  keto-acid  to  lactone  also  takes  place,  but  to  a  less 
extent,  when  pure  umbellulonic  acid  is  distilled  under  diminished 
pressure.  The  explanation  of  the  phenomenon,  that  a  larger  proportion 
of  umbellulonic  acid  becomes  converted  into  lactone  on  distilling  the 
crude  mixture  of  acids  than  when  the  pure  acid  alone  is  distilled, 
probably  lies  in  the  fact  that  the  acids  associated  with  the  umbellulonic 
acid  in  the  former  case  are  of  higher  boiling  point,  and  also  give  rise 
to  anhydrides  *  which  assist  in  the  abstraction  of  water  and  formation 
of  the  lactone.  This  supposition  receives  support  from  the  fact  that 
umbellulonic  acid  was  found  to  pass  into  the  lactone  on  boiling 
with  acetic  anhydride. 

This  unusual  change  from  keto-acid  into  unsaturated  lactone, 
and  vice  versd,  is  accompanied  by  a  remarkable  change  in  optical 
rotation,  as  the  former  has  [ajp  -l-377"6°  and  the  latter. 
[a]o  -210-58^. 

From  the  formation  of  umbellulonic  acid,  CgHjQ(C02H)CO*CH3,  by 
the  oxidation  of  umbellulone,  C^^H^^O,  it  would  appear  that  the  latter 

contains  the  complex  CgH^Q<^p,,  ^CH. 

The  lactone,  when  shaken  into  an  emulsion  with  water,  is  readily 
oxidised  by  potassium  permanganate,  giving  a  quantitative  yield  of 
a  polymethylene  dicarboxylic  acid,  CgH^g^^^  (m.  p.  120 — 121°; 
[a]r,  -89 '7°),  for  which  the  name  umhellularic  acid  is  proposed. 

CO 

0,^y\o  +  H,0  +  40  =  C,H,o<^^^^  4-  CO2  -F  H2O. 


c:cH,  ^ 


The  lactone.  Umbellularic  acid. 

XJmbellularic  acid  passes  into  the  anhydride  (b.  p.  167 — 169°/50mm.) 
when  heated  to  about  150°,  and  is  remarkably  stable,  for  all  further 

*  Umbellularic  acid  is  probably  present. 
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attempts  to  break  down  the  molecule  resulted  in  failure.  It  was 
therefore  impossible  to  obtain  more  diiect  evidence  regarding  the  con- 
stitution of  umbeHularic  acid,  but  the  following  considerations  afford 
indirect  evidence,  which  may  be  considered  fairly  conclusive. 

The  general  properties,  and  especially  the  great  stability,  of  umbel- 
lularic  acid  indicate  that  it  is  one  of  the  tetra-,  penta-,  or  hexa- 
methylene  dicaiboxylic  acids.  The  latter  consideration  may  be  at 
once  dismissed,  as  the  four  possible  hexamethylene  dicarboxylic  acids 
are  all  known,  and  umbeHularic  acid  does  not  agree  in  melting  point 
with  any  of  them.  Of  the  methylpentamethylene  dicarboxylic  acids, 
only  the  l-methyl-3  :  3-dicarboxylic  acid  is  known,  and  of  the 
dimethyltetramethylene  *  dicarboxylic  acids  only  uorpic  acid,  the 
2  ;  2-dimethyl-l  :  3-dicarboxylic  acid,  is  known,  with  neither  of  which 
is  umbeHularic  acid  identical. 

By  the  bromination  of  umbellulune  and  subsequent  distillation 
of  the  product,  Lees  obtained,  in  addition  to  products  containing 
bromine,  a  small  amount  of  a  hydrocarbon,  Oj^^Hj^,  but  expressed  the 
opinion  that  this  compound  was  derived  from  some  substance  other 
than  umbellulone  contained  in  the  oil  employed.  This  hydrocarbon 
has  now  been  obtained  from  pure  umbellvilone,  and  has  been  identified 
as  jo-cymene. 

Although  the  formation  of  ^-cymene  from  umbellulone  cannot  very 
well  be  traced  by  any  cycle  of  direct  chemical  changes,  it  would 
appear  probable  that  the  molecule  of  umbellulone  contaii.s  a  carbon 
skeleton  which  is  capable  of  yielding  a  compound  having  methyl  and 
jsopropyl  groups  in  the  jjara-position  without  undergoing  any  profound 
structural  change. 

Any  structural  formula  which  would  represent  the  constitution  of 
umbellulone  must,  therefore,  fulfil  the  following  conditions.  In  the 
first  place,  it  must  contain  a  dimethyltetramethylene  or  a  methyl- 
pentamethylene ring.  United  to  this  ring  there  must  be  the  group 
-CO'CH!CMe~,  and,  lastly,  it  must  have  a  carbon  framework  capable 
of  yielding,  in  a  simple  manner,  paramethyl  and  isopropyl  groups. 

The  only  formulae  which  are  capable  of  fulfilling  these  conditions 
are  the  following  : 

CII-CH CO  dig CH CO 

I     -../CMe^        I  I     .^CIl2-CH(Me)   I 

Cir-C(Me)=CH  CIl^^^^ C(Me)=CII ' 

I.  II. 

Both  of  these  compounds  would  yield  paramethyl  and  isopropyl 
groups  through  the  rupture  of  the  diagonal  bridge  by  the  addition  of 

*  The  possibility  of  the  occurrence  of  ;ui  etliyl  grouj)  need  not  be  considereil,  as 
tbis  group  does  not  occur  among  natural  terpene  d<^rivativi'.s  and  allied  coinpound.s. 
VOL.    LXXXIX.  4   D 
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hydrogen  at  the  place  indicated  by  the  dotted  line.  A  ketone 
of  formula  (I)  contains  a  dimethyltetramethylene  ring,  and,  on 
oxidation,  would  yield  a  norpic  acid  ;  whilst  one  of  formula  (II) 
contains  a  niethylpentamethylene  ring  and  would  give  1-methylpenta- 
methylene  3  :  5-dicarboxylic  acid. 

Umbellularic  acid  is,  therefore,  either  a  stereoisomeride  of  norpic 
acid  or  of  1-methylpentamethylene  3  :  5-dicarboxylic  acid. 

Norpic  acid  gives  no  anhydride  and  is  apparently  the  trans-modi&ca.- 
tion  of  inactive  2  : 2-dimethyltetramethylene  1  :  3-dicarboxylic  acid. 
Umbellulai-ic  acid  readily  yields  an  anhydride,  therefore  it  apparently 
represents  a  cis-modification,  and  it  has  not  been  found  possible  either 
to  racemise  it  or  to  convert  it  into  the  corresponding  trans-acid.  It 
was  therefore  impossible  directly  to  decide  whether  umbellularic  acid 
is  l-cis-norTpic  acid,  but  for  the  following  reasons  it  appears  extremely 
impi-obable.  In  the  first  place,  if  umbellularic  acid  is  l-cis-norpic 
acid,  then  umbellulonic  acid  is  (f-pinononic  acid,  and  this  compound 
would  not  differ  in  boiling  point  from  the  inactive  pinononic  acid 
obtained  by  Wagner  by  the  oxidation  of  pinene  ;  whereas  the  methyl 
ester  of  Wagner's  acid  boils  at  130—135714  mm.  {Ber.,  1896,  29, 
881),  and  the  ethyl  ester  of  umbellulonic  acid  at  about  130°  under 
20  mm.  pressure. 

In  addition  to  this,  if  umbellulone  is  a  keto-pinene  (formula  I),  it 
would  be  expected  that  the  norpic  acid  derived  from  it  would  become 
racemised,  just  as  inactive  norpic  acid  is  obtained  from  active  pinene  ; 
whereas  umbellularic  acid  is  not  only  optically  active,  but  it  has  been 
found  impossible  to  racemise  it. 

It  would  therefore  appear  probable  that  umbellularic  acid  is  not 
Z-m-norpic  acid,  but  Z- 1-methylpentamethylene  3  :  5-dicarboxylic  acid, 
and  that  its  persistent  optical  activity  is  due  to  the  stable  asymmetric 

gi'oup       /G\  )  which  is  contained  in  this  compound,   but   not  in 

^        \H 
norpic  acid. 

•  Umbellulone  is  therefore  most  probably  represented  by  the 
formula 

CH, CH CO 

I    /CHg-CHMe  I     . 

CH C(Me):CH 

That  is,  "  an  a^-unsaturated  cyclic  ketone  containing  two  closed 
rings,"  as  was  indicated  by  the  observations  of  Power  and  Lees 
{loc.  cit.). 

The  products  obtained  by  the  oxidation  of  umbellulone  would  then 
have  the  following:  constitution  : 
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CH-COgH  CH CO 

/\  /\  \ 

Me-CH   CHg  Me-CH    CH^         O 

CHg-CH-CO-CHg  CH^-CH- C:CHo 

Umbelluloiuc  acid.  The  lactone. 

CH-COoH 


Me-CH   CHg 

CHa-CH-COgH 

Umbellularic  acid. 

The  above  constitutional  formula  offers  a  ready  explanation 
of  the  behaviour  of  umbellulone  on  treatment  with  bromine  and 
subsequent  distillation  of  the  product. 

The  liquid  obtained  by  the  treatment  of  umbellulone  with  bromine 
represents  the  compound  formed  by  the  direct  addition  of  the  halogen 
to  the  carbon  atoms  of  the  ethylenic  linking.  This  compound,  on 
distillation,  eliminates  hydrogen  bromide  in  two  ways  : 

CH2 CH CO  CtTg CH CO 

I    /CH2-CHMe      I  -HBrgivesI    /CH^-CHMe     |  ^,,^ 

CH CBr(Me)-CHBr  CH C:(CH2)-CHBr 

I. 

CH2 CH CO 

CH./CHMe  1 


•2 

C=:==:=C(Me) -CHBr 
II. 

One  of  these  unsaturated  compounds  {probably  It)  is  incapable 
of  recombining  with  the  hydrogen  bromide,  and  represents  the  mouo- 
bromoumbellulone.  The  other  compound  immediately  unites  with  the 
elements  of  hydrogen  bromide,  and  yields  the  solid  dibromodihydro- 
umbellulone,  which  is  therefore  probably  represented   by  the  formula 

CHg CH CO 


I    /CHg-CHMe 
CH CH(CH2Br)-CHBr 

The  saturated  ketone,  Cj^Hj^O  (m.  p.  of  semicarbazone,  177°), 
obtained  by  Lees  by  the  reduction  of  monobroiuoumbellulone, 
CjoH^gOBr,  and  which  it  is  proposed  to  name  a-dihi/dronmhellnlone, 
will  therefore  be  represented  by  the  formula 

CHo CH CO 


yCHg-CHMe  I 
CH CHMe-CHg 

By  the  reduction  of  umbellulone  itself  with  sodium  and  alcohol  and 

4  D   2 
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subsequent  oxidation  of  the  resulting  alcohol  with  a  limited  amount 
of  chromic  acid,  a  ketone,  CjQHjgO  (m.  p.  of  semicarbazone,  155 — 156°), 
is  obtained,  for  which  the  name  fi-dihydroumhellulone  is  proposed. 
This  ketone  has  an  odour  almost  indistinguishable  from  that  of 
pulegone,  and  is  unsaturated  ;  it  is  evident,  therefore,  that  when 
umbellulone  is  reduced  by  sodium  and  alcohol,  the  ethylenic  linking 
remains  unattacked,  whilst  one  of  the  carbon  rings  becomes  ruptured 
by  the  addition  of  two  atoms  of  hydrogen. 

The  rupture  of  one  of  the  closed  rings  contained  in  bromodihydi'o- 
umbellulone,  CjQH^jOBr,  was  shown  by  Lees  to  take  place  when  this 
compound  is  reduced  by  sodium  and  alcohol,  but  the  "tetrahydro- 
umbellulol "  obtained  is  undoubtedly  a  mixture,  as  the  ketone 
resulting  from  its  oxidation  yielded  semicarbazones  of  m.  p.  150°  and 
171°  respectively.  It  is  impossible  to  say  whether  this  mixture 
consists  of  structural  or  only  stereo-isomerides. 

Experimental. 

The  umbellulone  employed  in  this  investigation  was  obtained  from 
the  essential  oil  of  Umbellularia  Californica,  which  had  been  specially 
distilled  for  this  purpose.  It  was  found  to  have  the  following 
constants  :  c?  =  0-9453  at  20°/20°;  a^  -  21°55'  in  a  1-dcm.  tube. 

Two  thousand  grams  of  this  oil  were  freed  from  acids  and  phenols 
by  shaking  with  potassium  hydroxide,  after  which  the  washed  and 
dx'ied  oil  was  submitted  to  a  prolonged  fractional  distillation,  and  the 
following  fractions  were  eventually  collected.  Below  190°,  190 — 200°, 
200—215°,  215—225°,  225—235°,  235—245°  245°  +  . 

The  fraction  215 — 225°  weighed  580  grams;  it  had  a^  -  34°4'  in 
a  1-dcm.  tube,  and  a  specific  gravity  of  0-9600  at  15°/15°.  On 
treatment  with  semicarbazide,  it  gave  from  50 — 60  per  cent,  of  the 
theoretical  yield  of  semicarbazidodihydroumbellulonesemicarbazone 
(m.  p.  216°),  and  evidently  represented  fairly  pure  umbellulone. 
Except  where  otherwise  stated,  this  fraction  boiling  from  215  —  225° 
was  the  "  umbellulone  "  used  throughout  this  investigation. 

Oxidation  of  Umbellulone  loith  Potassium  Permanganate. 

One  hundred  and  twenty  grams  of  umbellulone  were  shaken  into 
an  emulsion  with  1500  c.c.  of  water  and  the  mixture  cooled  by  the 
introduction  of  powdered  ice.  A  4  per  cent,  solution  of  potassium 
permanganate  was  then  gradually  added,  with  vigorous  shaking,  until 
the  pink  colour  produced  was  only  slowly  discharged. 

In  this  manner,  it  was  found  that  an  amount  of  permanganate 
equivalent  to  rather  less  than  four  atomic  proportions  of  oxygen  was 
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required.  After  removing  the  manganese  dioxide,  the  liquid  was 
concentrated,  and  a  small  amount  of  non-volatile,  neutral  products 
removed  by  shaking  with  ether ;  the  aqueous  liquid  was  then  made 
strongly  acid  by  the  addition  of  sulphuric  acid,  the  precipitated  acids 
extracted  with  ether,  and  the  ethereal  solution  washed  and  dried.  On 
removing  the  ether,  an  oil  was  obtained  which  was  found  to  be 
entirely  soluble  in  cold  sodium  carbonate  solution. 

Formation  of  the   Unsaturated  Lactone,  CgHjoOo. 

The  acids  obtained  by  the  oxidation  of  the  umbellulone  were  then 
slowly  distilled  under  20  mm.  pressure,  when  the  portion  of  the  distillate 
Avhich  passed  over  below  180°  formed  a  fairly  mobile  liquid,  whilst 
that  which  boiled  above  this  temperature  was  a  very  viscous,  brown 
syi'up.  The  whole  of  the  distillate  was  dissolved  in  ether,  the  ethereal 
liquid  shaken  several  times  with  sodium  carbonate  solution,  washed, 
dried,  and  the  ether  removed.  The  residue  was  a  pale  yellow,  mobile 
oil  having  a  pleasant  odour  ;  when  distilled  under  atmospheric 
pressure,  it  nearly  all  (35  gi'ams)  passed  over  between  217°  and  220°, 
and  was  evidently  identical  with  the  lactone  obtained  by  Lees  (loc.cit.). 

0-1647  gave  0-4356  C0.2  and  0-1192  H2O.     0  =  70-96;  H  =  7-91, 
O9HJ2O2  requires  0  =  71-05  ;  H  =  7-88  per  cent. 

This  lactone  was  found  to  have  the  following  constants  :  b.  p. 
129— 133°/50  mm.  and  99— 100°/15  mm.;  rf=l-0197  at  20720°: 
od  (without  solvent)   -  53°4'  in  a  25  mm.  tube,  whence  [a]o  -210-58°. 

It  is  unsaturated,  since  it  instantly  decolorises  a  solution  of  bromine 
in  chloroform,  and,  as  it  is  readily  oxidised  by  cold  potassium 
permanganate,  it  is  evident  that  the  ethylenic  linking  contained  in  it 
must  have  been  produced  during  the  distillation  of  the  products 
of  oxidation. 

Hydrolysis  of  the    Lactone,  CjjHjoOg,  and    Formation  of  a   Saturated 
Keto-acid,  O^Hj^Og. 

Five  grams  of  the  lactone  were  dissolved  in  an  excess  of  alcoholic 
potassium  hydroxide  and  the  mixture  boiled  for  a  few  minutes.  This 
liquid  was  then  poured  into  water  and  acidified  with  sulphuric  acid, 
after  which  it  was  extracted  with  ether  and  the  ethereal  solution 
washed,  dried,  and  evaporated,  when  an  almost  colourless,  viscous 
liquid  was  obtained. 

This  substance  distilled  at  193 — 195°/50  mm.,  and  was  a  saturated 
compound,  since  it  did  not  decolorise  a  dilute  solution  of  Inoniine  in 
chloroform. 
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0-1544  gave  0-3579  CO2  and  0-1173  HoO.     0  =  63-22;  H  =  8-44. 
C9H14O3  requires  C  =  63-52  ;  H  =  8-23  per  cent. 

The  empirical  formula  of  this  acid,  CfiH^^Og,  agrees  with  that  of 
the  hydroxy-acid  which  would  have  been  expected  to  be  produced  by 
the  hydrolysis  of  the  lactone,  CgHj^O^,  but  it  is  evident  that  it  cannot 
be  this  compound,  as  it  is  saturated,  whereas  the  lactone  from  which 
it  is  derived  is  unsaturated. 

On  treatment  with  hydroxylamine,  this  acid  readily  yields  a  crystal- 
line oxime  melting  at  169 — 170"^;  it  is  therefore  a  keto-acid,  and  was, 
in  fact,  found  to  be  identical  with  the  umbellulonic  acid  subsequently 
described,  from  which  it  will  be  seen  that  the  lactone  is  derived. 

Examination  of  the   Acids  formed  hy  the  Oxidation  of  Umbellulone. 

The  acids  which  had  been  removed  from  the  ethereal  solution  of  the 
lactone  by  shaking  it  with  sodium  carbonate  were  liberated  by  the 
addition  of  sulphuric  acid  and  extracted  with  ether.  On  removing 
the  ether,  a  brown  liquid  was  obtained,  which  consisted  of  a  mixture 
of  acids,  and  it  was  observed  thit  when  this  was  distilled  under  20 
mm.  pressure  it  yielded  a  further  quantity  of  lactone.  This  mixture 
of  acids  was  dissolved  in  absolute  ethyl  alcohol,  and  esterified  by  pass- 
ing dry  hydrogen  chloride  through  the  boiling  liquid  for  three  hours. 
The  esters  were  then  precipitated  by  the  addition  of  water  and  ex- 
tracted with  ether,  the  ethereal  liquid  freed  from  acids  by  shaking 
with  sodium  carbonate  solution,  washed,  and  dried.  On  removing  the 
ether,  a  nearly  colourless  liquid  was  obtained,  which  was  distilled 
under  20  mm.  pressure,  and  the  following  fractions  collected : 
125—135°,  135—165°,  165—176°. 

Isolation  of  Umbellulonic  Acid. — The  fraction  125 — 135°  was  the 
largest,  and  had  a  pleasant  odour.  It  was  distilled  under  the  ordinary 
pressure,  when  the  greater  portion  passed  over  as  an  almost  colour- 
less liquid   at   237 — 241°,    the    temperature    being    most    constant  at 

238—239°. 

0-1326  gave  0-3236  CO2  and  0-1085  H.,0.     C  =  66-56  ;  H  -  909. 
01326     „     0-3237  CO2    „    0-1086  H^O.      0  =  66-58  3  H-9-10. 
OjjH^gOg  requires  0  =  6666  ;  H  =  909  per  cent. 

This  ester  was  then  hydrolysed  and  the  acid  extracted  with  ether 
in  the  usual  manner.  After  removal  of  the  ether,  a  nearly  colour- 
less, viscous  liquid  was  obtained,  which,  after  standing  for  some  time, 
became  solid.  When  crystallised  from  light  petroleum,  it  separated 
in  colourless  prisms  melting  sharply  at  102°. 

0-1031  gave  0-2412  00.^  and  0-0770  H^O.     0  =  63-80  ;  H  =  8-29. 
CgHj^Og  requires  0  =  63-53  ;  H  =  8-23  per  cent. 
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This  compound  has  been  designated  umbellulonic  acid. 

Umbellulonic  acid  dissolves  spai'ingly  in  cold,  but  more  readily  in 
hot  water.  It  is  moderately  soluble  in  ether  and  light  peti'oleum,  from 
which  it  can  be  crystallised,  and  is  extremely  soluble  in  the  other 
ordinary  organic  solvents.  A  determination  of  its  optical  rotatory 
power  gave  the  following  result : 

0'5343   dissolved  in  25  c.c.  of  chloi-oform  gave  a^  +16^8'  in  a  2-dcm. 
tube,  whence  [aju  +  377'6°. 

The  fact  that  umbellulonic  acid  is  a  keto-acid  is  shown  by  the 
following  experiment  :  half  a  gram  of  the  acid  was  dissolved  in  an 
excess  of  potassium  hydroxide  and  0'3  gram  of  hydroxylamine 
hydrochloride  added.  After  allowing  the  mixture  to  stand  overnight, 
it  was  acidified  with  sulphuric  acid,  when  a  substance  was  precipitated 
which  rapidly  became  solid.  This,  when  recrystallised  from  ethyl  ace- 
tate, was  obtained  in  the  form  of  minute,  colourless  prisms,  which 
melted  with  decomposition  at  169 — 170°.  This  substance  was  evidently 
the  oxime  of  umbellulonic  acid,  and  was  identical  in  all  respects  with 
the  oxime  of  the  keto-acid  obtained  by  the  hydrolysis  of  the  lactone. 

0-1118  gave  0-2388  COg  and  0-0843  Kf>.     C  =  58-25;  H  =  8-37. 
CgHi^OglNOH  requires  C-58-37  ;  H  =  811  per  cent. 

As  umbellulonic  acid  is  the  principal  constituent  of  the  mixture  of 
acids  obtained  by  the  oxidation  of  umbellulone,  and  is  also  obtained 
by  the  hydrolysis  of  the  lactone  which  is  formed  on  distillation  of 
this  mixture,  it  would  appear  probable  that  this  acid  is  the  parent 
substance  of  the  lactone ;  or,  in  other  words,  that  the  unsaturated 
lactone  is  formed  by  the  elimination  of  water  from  the  enolic  modi- 
fication of  unbellulonic  acid.  If  this  supposition  is  correct,  it  would 
be  expected  that  umbellulonic  acid  on  distillation  would  pass  to  some 
extent  into  the  lactone,  and  this  was  found  to  be  the  case. 

Conversion  of  Umbellvlonic  Acid  into  the  Lactone. — ^ About  15  grams 
of  umbellulonic  acid  were  slow^ly  distilled  under  50  mm.  pressure, 
when  it  was  observed  that  some  water  was  eliminated.  The  distillate 
was  again  distilled,  then  dissolved  in  ether,  and  the  ethereal  liquid, 
after  being  freed  from  acid  by  repeatedly  shaking  with  sodium  carbon- 
ate solution,  was  washed  and  dried.  On  evaporating  the  ether,  a  few 
grams  of  a  mobile  oil  having  the  odour  of  the  lactone  were  obtained. 
This  was  distilled  under  the  ordinary  pressure,  when  a  liquid  boiling 
from  218 — 221°  was  obtained,  which  was  found  to  be  identical  with 
the  lactone  formed  on  distillation  of  the  original  mixture  of  acids  pre- 
pared by  the  oxidation  of  umbellulone. 

0-1236  gave  0  3222  CO2  and  0-0919  HgO.     C  =  71-09;  H  =  8-26. 
CgHjgO;,  requires  C  =  71*05  ;  11  =  7-89  per  cent. 
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The  proportion  of  the  lactone  thus  obtained  from  the  pure  keto-acid 
was  not  so  great  as  that  given  by  the  distillation  of  the  original 
mixture  of  acids.  It  would  therefore  appear  that  the  greater  yield  of 
lactone  initially  obtained  is  due  to  the  influence  of  the  other  acids 
with  which  the  umbellulonic  acid  is  associated  when  first  produced ; 
these  other  acids  having  a  higher  boiling  point,  and  some  of  them 
apparently  giving  rise  to  anhydrides.  The  correctness  of  this  explanation 
is  evident  from  the  fact  that  these  acids,  when  free  from  umbellulonic 
acid,  yield  no  lactone  on  distillation,  but,  if  again  mixed  with  the 
keto-acid  and  distilled  under  suitable  conditions,  as  much  as  40—50 
per  cent,  of  the  latter  is  converted  into  the  lactone. 

Examination  of  the  Acids  of  Higher  Boiling  Point. — The  fraction  of 
esters  boiling  at  135 — 165°,  prepared  from  the  oxidation  acids  as 
previously  described,  was  only  small  in  amount.  It  evidently  con- 
sisted of  a  mixture  of  substances,  as  it  was  found  impossible  to 
obtain  from  it  any  ester  of  constant  boiling  point. 

The  fraction  of  esters  boiling  at  165 — 176°  was  larger  than  the 
preceding  one.  It  was  fractionally  distilled  under  20  mm.  pressure, 
when  the  greater  portion  passed  over  between  173°  and  176°,  principally 
at  174°,  as  a  pale  yellow  oil  having  a  very  faint  odour.  On  analysing 
this  liquid,  results  were  obtained  which  were  not  in  agreement  with 
any  possible  formula,  and  it  therefore  appeared  to  be  a  mixture  of 
substances,  although  it  distilled  at  such  a  constant  temperature.  It 
was  hydrolysed  by  boiling  with  alcoholic  potassium  hydroxide,  and  the 
acids  extracted  with  ether  in  the  usual  manner.  On  evaporating  the 
ether,  a  rather  viscid,  brown  oil  was  obtained,  which,  on  standing 
for  some  weeks,  became  partially  crystalline  ;  it  was  spread  on  a  porous 
tile  and  allowed  to  drain.  The  solid  thus  obtained  was  dissolved  in 
benzene,  the  solution  filtered,  concentrated,  and  allowed  to  cool.  The 
crystalline  substance  which  separated  was  removed  by  filtration,  well 
washed  with  benzene,  and  recrystallised  from  a  large  volume  of  this 
solvent,  when  it  was  obtained  in  nearly  colourless,  needle-shaped  crystals 
melting  at  164°.  It  was  finally  recrystallised  from  water,  in  which 
it  is  nearly  insoluble  in  the  cold,  and  was  then  obtained  in  large, 
colourless,  needle-shaped  crystals,  which  melted  at  165°  and  sublimed 
without  undergoing  change. 

0-1035  gave  02527  CO^  and  0-0624  HgO.     C  =  66-59  ;  H  =  6-70. 

0-1132     „      0-2774  CO.^  and  0-0700  11,0.     C  =  66-83  ;  H  =  6-87. 

CjoIIj.^Og  requires  0  =  66-66  ;  H  =  6-66  per  cent. 

This  acid  cannot  be  derived  from  umbellulone ;  it  is  a  saturated 
compound,  and  would  thei-efore  appear  to  be  a  benzene  derivative. 
So  far  as  can  be  ascertained,  it  is  not  identical  with  any  compound 
hitherto   described,  and    its  formation   would    seem   to   indicate   the 
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presence  in  the  essential  oil  of  Californian  Laurel  of  a  substance  which 
has  not  been  identified. 

The  benzene  mother  liquors  from  this  acid  yielded  a  quantity  of 
a-homopiperonylic  acid,  which  was  undoubtedy  derived  from  the 
safrole  contained  in  the  original  oil  (Power  and  Lees,  loc.  cit.). 
Although  other  acids  were  certainly  present  in  this  mixture,  and  also 
in  that  obtained  from  the  fraction  of  esters  boiling  at  135 — 165°/20 
mm.,  they  could  not  be  separated.  By  the  oxidation  of  umbellulone 
under  the  conditions  employed,  no  derivative  other  than  umbellulonic 
acid  could  therefore  be  isolated. 

Oxidation  of  Pure  Umbellulone. — Thirty  grams  of  the  umbellulone 
fraction  were  treated  with  semicarbazide,  the  resulting  semicarbazido- 
semicarbazono  washed  with  ether  until  free  from  adhering  oil,  then 
decomposed  with  dilute  sulphuric  acid,  and  the  regenerated  umbellulone 
isolated.  This  was  subsequently  oxidised  with  potassium  permanganate 
under  the  same  conditions  as  were  employed  when  oxidising  the  umbel- 
lulone fraction  of  the  oil.  The  resulting  acids  yielded  some  lactone  on 
distillation,  and,  when  converted  into  their  ethyl  esters,  gave  ethyl 
umbellulonate  and  a  comparatively  small  proportion  of  a  mixture  of 
esters  which  distilled  from  135 — 172°.  Umbellulonic  acid,  therefore, 
is  not  the  only  product  of  the  oxidation  of  umbellulone. 

Oxidation  of  the  Lactone.  Formation  of  Utnhellularic  Acid.- — Thirty 
grams  of  the  pure  lactone  were  shaken  into  an  emulsion  with  600  c.c. 
of  watei',  and  a  4  per  cent,  solution  of  potassium  permanganate 
gradually  added  with  constant  shaking,  the  mixture  being  kept  cool 
by  immersion  in  cold  water.  When  an  amount  of  permanganate 
equivalent  to  four  atomic  proportions  of  oxygen  had  been  added,  the 
pink  colour  was  no  longer  discharged.  A  moderate  excess  of  the 
oxidising  agent  was  then  added,  and  the  mixture  allowed  to  stand  for 
some  hours,  when  apparently  no  more  potassium  permanganate  became 
decolorised.  The  excess  was  then  removed  by  means  of  sulphurous 
acid,  and  the  precipitated  manganese  dioxide  was  separated  by  filtration. 
The  liquid  was  subsequently  concentrated  to  a  small  bulk,  acidified 
with  sulphuric  acid,  and  repeatedly  exti-acted  with  ether;  the  ethereal 
liquid  was  then  washed,  dried,  and  the  ether  removed.  The  residue 
was  an  almost  colourless  syrup,  which,  after  standing  for  a  few  hours, 
became  entirely  crystalline. 

When  fractionally  crystallised  from  benzene,  this  acid  was  found  to 
be  homogeneous,  as  all  the  fractions  yielded  colourless  prisms  which 
melted  sharply  at  120—121°. 

0-1062  gave  0-2176  CO^  and  0-0661  H2O.     C  =  55-88;  H  =  6-91. 
CgHjgO^  requires  C  =  55-81 ;  H  =  6-98  per  cent. 
0  5111  dissolved  in  25  c.c.  of  chloroform  had  a„   -  3°40'  in  a  2-dcm. 
tube,  hence  [a]„  -89-7°. 
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This  acid  has  been  designated  UTtibellularic  acid,  and,  for  reasons 
which  have  been  fully  discussed  in  the  introductory  portion  of  this 
paper,  it  is  probably  1-methylpentamethylene  3  : 5-dicarboxylic  acid. 

Umbellularic  acid  is  moderately  soluble  in  benzene  and  almost 
insoluble  in  light  peti  oleum,  but  dissolves  with  great  readiness  in  the 
other  ordinary  organic  solvents.  When  crystallised  from  water,  in 
which  it  is  moderately  soluble,  it  separates  in  needle-shaped  crystals, 
which  melt  at  85°  acd  contain  one  molecule  of  water  of  crystal- 
lisation. 

0-6586  of  the  acid  which  had  been  crystallised  from  water  and  dried 
in  the  air,  when  heated  for  two  hours  at  100°,  suffered  a  decrease  in 
weight  equivalent  to  10"1  per  cent.;  one  molecule  of  water  requires  a 
loss  of  9*4  per  cent.  On  further  heating,  it  continued  slowly  to 
decrease  in  weight,  owing  to  sublimation.  The  hydrated  acid  was 
analysed  : 

0-0975  gave  0-1760  CO2  and  00635  HgO.     C  =  50-16  ;  H  =  7-37. 
CgHjgO^.HoO  requires  0  =  5052  ;  H  =  7-37  per  cent. 

When  umbellularic  acid  is  heated  to  about  150°,  water  is  eliminated, 
with  the  formation  of  the  anhydride. 

Umbellularic  anhydride  is  a  colourless  liquid,  which  distils  at 
167 — 169°/50  mm.,  and  on  boiling  it  with  water  umbellularic  acid  is 
regenerated. 

0-1342  gave  0-3061  CO,  and  0-0800  H2O.     0  =  62-21;  H  =  6-62. 
OgHj^Og  requires  0  =  62-34;  H-6-49  per  cent. 

The  umbellularic  acid  was  esterified  by  boiling  it  with  an  excess  of 
absolute  ethyl  alcohol  containing  a  small  proportion  of  sulphuric  acid, 
but  only  a  relatively  small  yield  of  ester  could  be  obtained. 

Diethyl  umbellularate  is  a  colourless  liquid,  possessing  a  fruity  odour, 
and  distils  at  158—160750  mm. 

0-1335  gave  0  3077  OOg  and  0-1078  H^O.     0  =  62-86;  H  =  8-97. 
Oj2H2qO^  requires  0  =  63-16  ;  H  =  8-77  per  cent. 

Umbellularic  acid  is  a  very  stable  substance.  It  is  not  appreciably 
oxidised  by  potassium  permanganate  at  60°,  and  is  recovered  unchanged 
after  boiling  for  ten  hours  with  eight  times  its  weight  of  a  mixture  of 
three  parts  of  fuming  nitric  acid  and  one  part  of  water.  After  boil- 
ing for  five  hours  with  undiluted  fuming  nitric  acid,  besides  unchanged 
umbellularic  acid,  only  a  ti^ace  of  oxalic  acid  could  be  identified.  It  is 
unaltered  by  heating  with  concentrated  hydrochloric  acid  at  190°  for 
five  hours.  An  attempt  was  made  to  prepare  a  bromoumbellularic 
acid  by  heating  together  the  dry  acid,  red  phosphorus,  and  bromine  in 
the  requisite  proportions,  but  after  the  formation  of  the  acid  bromide 
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was  complete  only  a  very  slight  action  occurred.  The  mixture  was 
heated  on  the  water-bath  for  two  hours,  then  treated  with  ethyl 
alcohol,  and  the  resulting  esters  freed  from  bromine.  On  distillation, 
these  esters  were  found  to  boil  between  90°  and  180°/20  mm.,  but  the 
greater  portion  passed  over  at  the  boiling  point  of  ethyl  umbellularate, 
and  only  contained  a  trace  of  bromine.  It  was  therefore  not  found 
possible  to  obtain  a  bromoumbellularic  acid  from  the  amount  of  material 
available. 

Bromination  of  Pure  Umhellulone. 

Forty  grams  of  the  umhellulone  fraction  were  treated  with  semi- 
carbazide,  and  the  resulting  semicarbazido-semicarbazone  washed  with 
ether  until  free  from  adhering  oil,  after  which  it  melted  at  216°  and 
was  evidently  pure.  It  was  then  decomposed  with  dilute  sulphuric 
acid  and  the  regenerated  umhellulone  isolated.  This  was  then 
dissolved  in  chloroform  and  treated  with  bromine  in  the  manner 
described  by  Lees  {loc.  cit.).  The  resulting  dibromide  was  then 
distilled  under  20  mm.  pressui-e,  when  it  yielded  products  identical 
with  those  obtained  by  Lees  by  the  bi-omination  of  the  umhellulone, 
namely  :  a  limpid  liquid  boiling  below  130°/20  mm.  ;  a  heavy,  pale 
yellow  oil  (b.  p.  140 — 145°/20  mm.)  having  a  very  pungent  odour;  and 
the  solid  dibromodihydroumbellulone  (m.  p.  119°). 

The  liquid  boiling  at  140 — 145°/20  mm.  was  analysed  : 

0-1482  gave  02826  CO.^  and  0-0775  H.p.     C  =  5200;  H  =  5-81. 
CioHj^OBr  requires  0  =  52-40  ;  H  =  5-68  per  cent. 

This  unsaturated  monobromoumbellulone  was  treated  with  hydrogen 
bromide  under  varying  conditions,  but  it  was  found  impossible  to 
cause  it  to  combine  with  the  latter.  When  reduced  with  zinc  dust  and 
acetic  acid,  it  yielded  the  saturated  ketone,  Oj^Hj^O,  obtained  in  a 
similar  manner  by  Lees  (loc.  cit.),  but  its  semicarbazone  was  found  to 
have  the  melting  point  of  177°,  and  not  171 — 172°,  as  stated  by  him. 
This  ketone  has  been  designated  a-dihydroumhellulone. 

The  fraction  boiling  below  130°  was  distilled  under  the  ordinary 
pressure,  and  afterwards  over  metallic  sodium,  when  it  was  linally 
obtained  as  a  colourless  liquid  boiling  at  176  — 177°  and  having  the 
odour  of  cymene. 

0-1233  gave  0-4052  OO2  and  0-1156  H2O.     0  =  89-60;  H=  10-42. 
CjqHj^  requires  0  =  89-55  ;  H  =  10-45  per  cent. 

Eighty  grams  of  umhellulone  were  brominated  in  order  to  obtain  a 
further  quantity  of  this  hydro(-arbon,  and  about  8  c.c.  of  it  were  thus 
obtained.  Five  grams  of  this  were  oxidised  by  boiling  for  a  week 
with  a  mixture  of  47  grams   of   potas^jium   bichromate,  65   grams  of 
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sulphuric  acid,  and  200  c.c.  of  water.  The  white,  insoluble  precipitate 
which  had  been  formed  was  then  removed  by  filtration,  dissolved  in 
ammonia,  the  solution  filtered,  and  the  acid  reprecipitated  by  the 
addition  of  hydrochloric  acid.  This  precipitate  was  collected,  well 
washed  with  hot  water,  and  dried,  after  which,  when  heated,  it  sublimed 
without  melting. 

0-1108  gave  0-2340  COo  and  0-0375  HgO.     C  =  57-60;  H  =  3-76. 
CgHgO^  requires  0  =  57-83  ;  H  =  3-61  per  cent. 

This  substance  was  evidently  terephthalic  acid,  as  it  gave  a  dimethyl 
ester  which  melted  sharply  at  140°.  The  hydrocarbon  from  which 
this  acid  was  obtained  is  therefore  ^-cymene. 

All  the  compounds  obtained  by  Lees  [loc.  cit.)  by  the  bromination  of 
the  umbellulone,  namely,  a  hydrocarbon,  CjqHj^,  monobromoumbellulone, 
Cj^Hj^OBr,  and  dibromodihydroumbellulone,  CjoH^^OBrg,  were  there- 
fore derived  from  the  umbellulone  itself,  and  not  from  any  impurity 
contained  in  the  fraction  of  oil  employed. 


Reduction  of  Umbellulone. 

Twenty-five  grams  of  umbellulone  were  dissolved  in  100  c.c.  of 
absolute  alcohol,  and  18  grams  of  sodium  in  small  pieces  wei'e  gradually 
introduced.  The  liquid  was  not  cooled,  but  allowed  to  boil  vigorously. 
"When  all  the  sodium  had  dissolved,  the  mixture  was  distilled  in  steam, 
and  the  oil  contained  in  the  distillate  isolated  by  extracting  with  ether. 
After  removal  of  the  ether,  the  residual  oil  was  found  to  be  highly 
unsaturated,  as  it  instantly  decolorised  a  solution  of  bromine  in  chloro- 
form. The  reduction  was  therefore  repeated,  and  the  oil  isolated  in  a 
similar  manner,  but  it  was  found  to  be  still  unsaturated.  It  was  then 
distilled  under  the  ordinary  pressure,  when  the  greater  portion  of  it 
was  obtained  as  a  colourless  liquid,  boiling  at  208 — 210°,  and  having 
a  pleasant,  somewhat  camphoraceous  odour.  This  liquid  was  un- 
saturated, and  on  analysis  gave  results  which  indicated  it  to  be  a 
mixture  of  compounds  of  the  formulae  CjoHj^O  and  CjQHjgO 
respectively. 

fi-Dihydroumhellulone. — Fifteen  grams  of  the  liquid  boiling  at 
208 — 210°  were  oxidised  with  a  mixture  of  20  grams  of  potassium 
bichromate,  17  grams  of  sulphuric  acid,  and  100  c.c.  of  water.  After 
heating  for  about  three  quarters  of  an  hour,  the  bichromate  had  become 
completely  reduced,  and  the  mixture  was  then  distilled  in  steam.  The 
distillate  was  extracted  with  ether,  and,  on  removing  the  latter,  about  6 
grams  of  a  pale  yellow  oil  were  obtained.  When  this  was  distilled 
under  the  ordinary  pressure,  it  passed  over  between  204°  and  209°  as  an 
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almost  colourless  liquid,  and  had   an  odour  closely  resembling  that  of 
pulegone. 

0-1398  gave  0-4032  COo  and  0-1337  HgO.     C  =  78-66;  H  =  10-63. 
CioHiqO  requires  C  =  78-95  ;  H=  10-53  per  cent. 

This  substance  was  unsaturated,  as  it  instantly  decolorised  a  dilute 
solution  of  bromine  in  chloroform.  It  is  isomeric  with  the  a-dihydro- 
umbellulone  obtained  by  the  reduction  of  monobromoumbellulone,  and  is 
therefore  ^-dihydroumhellulone.  As  only  6  grams  of  this  ketone, 
C^QH^gO,  had  been  obtained  by  oxidising  15  grams  of  the  mixture  of 
alcohols,  C^qHjqO  and  CjoHjgO,  it  is  evident  that  the  former  alcohol 
must  have  been  completely  destroyed. 

The  oxime  of  )8-dihydroumbellulone  was  prepared  in  the  usual 
manner,  and  found  to  be  a  liquid  boiling  at  about  130°  under  25  mm. 
pressure.  The  semicarbazone  of  this  ketone  was  first  obtained  as  a 
liquid,  but  after  standing  for  some  time  it  became  crystalline.  It  was 
recrystallised  from  a  mixture  of  ethyl  acetate  and  light  petroleum, 
after  which  it  melted  at  155 — 156°. 

0-1008  gave  0-2330  COg  and  0-0838  H2O.     C  -  63-04  ;  H  =  924. 
CnH^^ONg  requires  C  =  63-16  •  H  =  9-09  per  cent. 

Tetrahydroumlellulone,  CjQHjgO. 

In  order  that  tetrahydroumbellulone  might  be  compai-ed  with  the 
known  ketones  of  the  formula  C^^QHjgO,  it  was  prepared  by  oxidising 
"  tetrahydroumbellulol  "  (compare  Lees,  loc.  cit.)in  the  usual  manner. 

This  ketone  is  a  colourless  liquid,  boiling  at  197 — 198°,  and  has  a 
pleasant,  somewhat  camphoraceous  odour. 

0-1185  gave  0-3371  COo  and 0-1 235  HoO.     C  =  77-58;  H  =  ll-58. 
OjoHjsO  requires  C  =  77-92  ;  H  =  11-69  per  cent. 

The  semicarbazone  was  prepared  from  it,  and  crystallised  once 
from  alcohol,  when  it  was  obtained  in  colourless  prisms  melting 
at  148°. 

0-1161  gave  0-2662  CO2  and  0-1060  H2O.     0  =  62-53;   E  =  10-14. 
CnHgiONg  requires  C  =  62-56  ;  H  =  9-95  per  cent. 

On  fractional  crystallisation,  this  was  found  to  be  a  mixture  of 
isomeric  semicarbazones,  as  substances  of  the  melting  point  171°  and 
150°  respectively  were  obtained  from  it. 

The  Wkli.comr  Chemical  Rkseauch  Laboratouies, 
London,  E.G. 
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CX1\\  —  Contributions    to    the    Theory   of  Isomo7'phism 
based  on  Experiments  on  the  Regular  Growths  of 
Crystals  of  One  Substance  07i  those  of  Another. 

By  Thomas  Vipond  Barker,   B.A.,   B.Sc.    (Oxon)   (Senior   Demy   of 
Magdalen  College,  Oxford). 

Intr^oductory. 

Examples  of  the  regular  growth  of  one  mineral  on  another  have  long 
been  known  ;  they  may  be  grouped  into  three  classes  :  (1)  one  mineral 
is  a  paramorph  of  the  other,  so  that  they  have  the  same  percentage 
composition,  for  example,  rutile  on  anatase ;  calcite  on  aragonite ; 
hornblende  on  augite,  and,  conversely,  augite  on  hornblende  ;  (2)  one 
mineral  is  a  decomposition  product  of  the  other,  in  which  case  they 
have  some  elements  in  common,  for  instance,  barytas  on  witherite  ; 
(3)  the  two  minerals  neither  have  similarity  of  composition  nor  belong 
to  the  same  ciystallographic  system  ;  as  examples  of  this  type,  the 
combinations  rutile  on  mica  and  tourmaline  on  mica  may  be  cited.  A 
complete  list  of  all  such  occurrences  has  been  compiled  by  MUgge 
(Neaes  Jahrhuchjiir  Mineralogie,  Beilage-Band,  1903,  16,  335). 

In  the  examples  of  regular  growth  among  minerals,  it  is  not  usually 
possible  to  confirm  the  observations  by  experiments,  for  it  is  difficult 
to  prepare  synthetically  the  appropriate  pairs  of  compounds.  But 
when  we  turn  to  soluble  substances  the  crystallisation  can  be  watched 
and  controlled.  It  is  necessary,  however,  that  the  substance  which 
has  to  receive  the  deposit  shall  not  be  acted  on  by  the  solution  con- 
taining the  other.  Since  the  best  examples  of  insoluble  crystals  are 
found  in  nature  as  minerals,  it  follows  that  the  simplest  way  of 
studying  the  deposition  of  substances  on  each  other  is  to  experiment 
with  soluble  salts  and  minerals. 

Although  experiments  of  this  kind  have  been  previously  made,  they 
were  isolated  and  had  no  definite  end  in  view.  The  following 
investigations  were  made  in  order  to  ascertain  whether  the  orientating 
influence  of  one  crystal  on  another  is  due  to  some  similarity  of 
structure.  Comparative  experiments  may  enable  us  to  discover  the 
requisite  conditions  for  the  formation  of  regular  growths,  and  may 
throw  some  light  on  the  crystal  structure  of  the  substances  concerned. 

The  first  experiments  on  regular  deposition  were  made  by 
Wakkernagel  in  1825  (Kastner's  Archiv  f.  d.  gescwimte  Naturlehre, 
1825,  5,  293),  who  asserted  that  he  obtained  a  regular  deposit  of  lead 
nitrate  on  alum,  and  of  alum  on  boracite.  He  also  varnished  some  of 
his  crystals,  and  observed  the  same  regular  deposit  as  on  an  unvarnished 
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crystal ;  he  was  therefore  of  the  opiuion  that  a  crystal  possesses  a 
sphere  of  activity  ("  Wirkungskreis  ").  A  regular  deposit  of  lead 
nitrate  on  alum  from  an  aqueous  solution  of  the  former  is  a  jniori 
absurd,  for  lead  sulphate  is  immediately  formed  and  deposited  on  the 
alum  crystal.  Kopp  [Ber.,  1882,  15,  1653)  repeated  Wakkernagel's 
experiments,  and  could  not  obtain  any  regular  deposition  in  either  of 
the  above  cases ;  he  also  showed  {Aunalen,  1855,  94,  118)  that  growth 
on  a  varnished  crystal  begins  at  the  edges  or  quoins,  that  is,  at  those 
points  which  remain  uncovered  owing  to  the  shrinkage  of  the  varnish. 
The  idea  of  a  sphere  of  activity,  however,  was  not  given  up  im- 
mediately; Bombicci  {Mem.  Acad.  Bologna,  (3),  7,  123),  for  example, 
in  1876  asserted  that  if  a  beaker  containing  a  solution  of  sodium 
nitrate  be  placed  on  a  piece  of  calcite,  the  latter  exerts  an  "  iso- 
orientating  iufluence"  to  such  a  degx'ee  that  the  crystals  of  sodium 
nitrate  appear  in  the  beaker  with  their  edges  parallel  to  the  edges  of 
the  calcite  ! 

Frankenheim(/'o^^.  vlmj.,  1836,  37,  516;  1860,  111,  1),  in  1836, 
observed  that  if  a  drop  of  a  solution  of  sodium  nitrate  be  allowed  to 
evaporate  on  a  cleavage  piece  of  calcite,  small  rhombohedra  appear 
which  are  definitely  orientated.  The  edges  of  the  rhombohedra  are 
approximately  parallel  to  those  of  the  calcite-cleavage.  He  also  tried 
old  cleavages,  and,  fi.nding  that  the  deposition  was  nob  regular,  con- 
cluded that  the  calcite  must  be  freshly  cleaved. 

Fraukenheim  then  proceeded  to  try  other  minerals  with  good  cleavages 
and  found  that  potassium  iodide,  bromide,  and  chloride  separate  out  as 
definitely  orientated  equilateral  triangles  on  a  fresh  cleavage-piece  of 
mica,  whereas  on  a  glass  plate  they  crystallise  in  cubes.  He  says 
"  in  biaxial  mica  one  side  of  the  triangle  is  always  nearly  parallel  to 
one  of  the  elasticity-axes  of  the  mica."  The  deposition  is  regular  on 
uniaxial  micas  also ;  the  orientation  of  the  triangles  is  twofold,  one 
being  derivable  from  the  other  by  a  rotation  of  180°.  The  cubes 
which  accompany  these  triangular  forms  are  stated  to  be  parallel  to 
one  another  if  the  mica-cleavage  be  fresh.  The  corresponding  sodium 
salts  did  not  give  regular  growths.  Again,  sodium  nitrate  is  deposited 
in  similarly  orientated  triangles  on  mica  and  on  gypsum ;  finally, 
calcium  sulphate  grows  regularly  on  fresh  cleavages  of  gypsum. 

The  next  work  was  done  by  de  Senarmont  (Gompt.  rend.,  1854,  38, 
105),  who  obtained  regular  growths  of  sodium  nitrate  on  certain 
natural  faces  of  calcite,  namely,  rhombohedral  forms,  both  steeper 
and  fatter  than  the  form  {100},  on  the  hexagonal  prism  and  the 
scalenohedron  {20T}. 

In  1877,  0.  Lehmann  {Zeit.  Krysl.  Min.,  1,  490)  described  some  14 
cases  of  regular  growths  of  p.airs  of  salts  .simultaneously  deposited  fi-om 
solution. 
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Kopp  {Ber.,  1879,  12,  917)  somewhat  later  obtained  regular  growths 
of  sodium  nitrate  on  the  following  forms  of  calcite: 

+  R^  =  {2Q\\  =  v;   -2/?=!llT}=/; 
cc7i;=  [211}  =  6;    -lR  =  {\\(i]  =  e; 

but  Friedel  {Ber.,  1872,  5,  483)  could  not  obtain  a  parallel  deposition 
on  "  prismatic  crystals." 

In  1871,  Rose  {Ber.,  4,  104)  reported  that  Mitscherlich  had  obtained 
a  zonal  growth  of  sodium  nitrate  on  dolomite  from  Traversella,  and 
that  he  himself  had  observed  a  parallel  growth  by  hanging  a  crystal 
of  aragonite  from  Bilin  in  an  aqueous  solution  of  potassium  nitrate. 
The  latter  experiment  was  lepeated  by  Kopp  {loc.  cit.,  p.  918)  with  a 
negative  result,  whereas  the  former  observation  was  repeated  by 
Tschermak  {Min.  Mitth,  1882,  4,  118),  who  remarks  that  the  zone 
crystals  are  "  rarely "  formed  in  the  case  of  dolomite,  never  with 
chalybite  or  magnesite. 

Zemiatchensky  {Zeit.  Kryst.  Min.,  1894,  22,  77)  confirmed  Franken- 
heim's  observations  with  regard  to  potassium  iodide  and  mica,  and 
also  obtained  regular  growths  of  cubes  of  potassium  iodide  on  gypsum. 

Miigge  {loc.  cit.)  also  repeated  Frankenheim's  observations;  he  used 
two  varieties  of  mica  with  large  and  small  axial  angle,  namely, 
muscovite  from  an  unknown  locality  and  meroxene  from  Vesuvius, 
He  found  the  regular  growths  with  potassium  chloride  are  more 
difficultly  obtained  than  those  of  potassium  bromide  and  potassium 
iodide.  Sodium  chloride,  even  with  the  addition  of  urea  to  encourage 
an  octahedral  habit,  gave  quite  irregular  growths.  He  was  unable  to 
trace  any  regularity  in  the  growth  of  potassium  iodide  and 
gypsum. 

Gaubert  {Bull.  Soc.  fran^.  Min.,  1904,  27,  225)  has  recently 
observed  that  crystals  of  BaCl2,2H20  grow  in  regular  positions  on  the 
rare  minerals,  uranocircite,  autunite,  meta-utunite,  chalcolite,  and 
metachalcolite ;  a  face  (010)  of  the  salt  is  in  contact  with  (001)  of  the 
mineral,  and  an  edge  (010)  (001)  of  the  former  is  parallel  to  either 
an  edge  (010)  (001)  or  an  edge  (100)  (001)  of  the  latter. 

H.  B.  Hartley  has  informed  the  author  of  an  interesting  case  of 
regular  growth  observed  by  him.  Triphenylmethane  crystallises  with 
one  molecule  of  aniline,  benzene,  thiophen,  or  pyrrole,  of  crystallisa- 
tion, in  steep  rhombohedra ;  triphenylmethane  itself  is  orthorhombic. 
Sometimes  regular  growths  are  obtained  in  which  the  anhydrous 
substances  crystallise  on  both  ends  of  the  rhombohedra,  with  the 
axis-c  of  the  former  parallel  to  the  principal  axis  of  the  latter. 

As  regards  the  exact  orientation  of  sodium  nitrate  on  calcite, 
various   contradictory  results    have    been    published,      Frankenheim 
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gives  nine  positions,  the  most  important  of  which  are  those  where  two 
faces  are  in  contact  with 

(1)  An  edge  of  each  parallel, 

(2)  An  edge  perpendicular  to  an  edge  of  the  calcite, 

(3)  Corresponding  diagonals  parallel. 

De  Senarmont  found  that  the  diagonals  only  are  parallel.  Finally, 
Miers,  as  a  result  of  measurements  by  means  of  his  inverted  gonio- 
meter, is  of  the  opinion  that  a  face  and  an  edge  are  parallel. 

(I)  Sodium  Nitrate — Calcite  Group. 
Parallel  Growths  on  Fresh  Cleavage-pieces  of  Calcite. 

The  method  of  study  first  used  by  the  author  was  to  allow  drops  of 
saturated  solutions  to  evaporate  on  cleavage-pieces  viewed  under  the 
microscope.  Fraukenheim's  observation,  that  a  cleavage-piece  must  be 
fresh  to  get  a  parallel  growth,  was  con6rmed  ;  the  rhombohedra  of 
sodium  nitrate  quickly  appear  on  the  calcite,  and,  so  far  as  the 
difference  of  angle  allows,  the  orientation  of  the  rhombohedra  is 
exactly  parallel  to  that  of  the  calcite. 

Sometimes  some  of  the  crystals  of  sodium  nitrate  are  not  parallel  to 
the  calcite,  but  are  in  twin  position  thereto — the  twin  axis  is  the 
rhombohedral  zone  axis  [100].  It  is  interesting  to  note  that,  so  far  as 
the  author  is  aware,  no  examples  of  calcite  (or  of  sodium  nitrate) 
twinned  according  to  this  law  have  been  observed. 

Cleavage-pieces  from  crystals  of  various  habits  and  derived  from 
different  localities  were  then  tried,  in  order  to  see  whether  the  directive 
force  varies  at  all.  The  vai-ieties  included  opaque,  milky,  brown, 
argillaceous,  and  pinkmanganiferous  calcites  ;  also  dog-tooth  spar  and 
calcite  from  the  Oxford  Clay:  no  difference  could  be  traced  with  all 
these  varieties,  a  parallel  gi'owth  being  always  obtained  on  a  fresh 
cleavage  surface,  but  never  on  an  old  one. 

The  only  varieties  which  did  not  yield  parallel  gi^owths  were  fibrous 
calcite  and  "  Schieferspath,"  but  it  is  difficult,  if  not  impossible,  to 
obtain  a  good  cleavage  surface  in  either  of  these  varieties.  Neither 
could  a  parallel  growth  be  obtained  on  a  specimen  supposed  to  be  "  red 
calcite  "  ;  this,  however,  on  analysis,  was  found  to  bo  a  dolomite.  The 
parallel  growth  of  sodium  nitrate  is  a  most  delicate  test  for  calcite. 

A  solution  of  sodium  nitrate,  containing  a  little  potassium  nitrate, 
placed  on  calcite,  gives  on  evaporation  a  parallel  deposition  of 
rhombohedral  mixed  crystals  ;  the  amount  of  pota.ssium  nitrate  must 
be  small,  otherwise  orthorhombic  prisms  of  potassium  nitrate  contain- 
ing sodium  nitrate  make  their  appearance  in  irregular  positions. 
Retgers  (Zeit.  jihjsikaJ.  Chevi.,  1889,  4,  599)  has  shown  that  sodium 
nitrate  forms  an  isodimorphous  series   of   mixed    ciystals  with  silver 
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nitrate,  the  ihombohedral  crystals  containing  up  to  5232  per  cent, 
molecules  of  silver  nitrate.  The  author  prepared  mixtures  by  the  same 
procedure  as  that  followed  by  E-etgers,  and  allowed  the  solutions  to 
crystallise  on  calcite-cleavages.  All  the  rhombohedral  mixtures  formed 
parallel  growths  just  as  leadily  as  pure  sodium  nitrate  ;  but  the  crystals 
are  extremely  deliquescent,  and  the  author  has  not  yet  succeeded  in 
obtaining  reliable  angular  measurements.  The  specific  gravity  of  the 
crystals  increases  with  the  increase  of  silver  nitrate  contained,  that  of 
the  end-mixture  having  the  value  2-982  (Retgers).  The  molecular 
volume  calculated  from  this  value  and  the  "  average  molecular  weight  " 
of  the  mixture  is  38-6.     The  crystals  do  not  grow  parallel  on  dolomite. 

Conneclions  between   Parallel  Groioth   and  the  Nature  of  the  Cleavage 

Surface. 

Since  the  growth  on  an  old  cleavage  surface  is  irregular,  experiments 
were  made  with  a  view  to  cleaning  the  surface  to  such  an  extent  that 
parallel  growths  would  be  formed.  It  was  found  that  water,  benzene, 
polishing,  or  even  grinding  with  water  on  a  ground  glass  plate,  had  not 
the  desired  effect.  Etching  an  old  cleavage  surface  Avith  hydrochloric 
or  nitric  acid  increases  the  regularity  of  the  deposit,  and  the  number  of 
parallel  crystals  seemed  to  increase  with  the  duration  of  etching  :  the 
periods  of  time  employed  were  five,  thirty,  eighty,  and  one  hundred  and 
eighty  seconds.  Conversely,  the  number  of  parallel  crystals  decreases 
on  etching  a  freshly  cleaved  surface,  and  even  on  immei'sion  in  distilled 
water  for  a  period  of  a  week. 

G.  T.  Beilby  {Proc.  Roy.  Soc,  1903,  72,  218)  has  recently  shown  that 
the  structure  of  calcite  undergoes  a  deformation  if  a  cleavage  surface  be 
stroked  several  times  in  the  same  direction  with  a  clean  chamois- 
leather.  When  viewed  with  a  high  power,  the  surface  seems  to  be 
unaltered,  but  on  etching  with  a  0'2  per  cent,  solution  of  hydrochloric 
acid  for  ten  to  fifteen  seconds,  ridges  and  furrows,  parallel  to  the  direc- 
tion of  stroking,  become  visible.  He  has  found  the  same  to  hold  good 
for  metals  when  polished,  and  is  of  the  opinion  that  a  crystalline 
surface-film  flows  and  becomes  amorphous.  The  effect  of  the  above 
deformation  on  the  subsequent  growth  of  sodium  nitrate  was  studied, 
and  it  was  found  that  the  change  due  to  stroking,  with  or  without 
subsequent  etching,  is  not  of  such  a  fundamental  character  as  to  pre- 
vent tlie  parallel  deposition  of  crystals  ;  no  difference  between  the 
orientating  action  of  the  stroked  and  the  unstroked  part  of  the  surface 
could  be  detected. 
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Growth  on  a  Reusch-twin  of  Calcite. 

The  effect  of  artificial  twinning  upon  the  glide  plane  e-{110},  on 
the  subsequent  growth  of  sodium  nitrate  on  calcite  was  next  studied. 
The  sodium  nitrate  was  deposited  in  parallel  position  on  both  the  faces 
which  constitute  the  re-entrant  angle  of  the  twin-crystal.  If,  however, 
the  sodium  nitrate  be  first  deposited,  and  the  calcite  be  then  subjected 
to  twinning,  the  crystals  either  fall  off  or  retain  their  old  oi'ientation, 
as  might  be  expected. 

Magnetic  Exjjeriments. 

Since  calcite  and  sodium  nitrate  are  both  diamagnetic,  experiments 
were  made  in  order  to  see  whether  a  magnetic  field  has  any  effect  on 
the  parallel  orientation  of  sodium  nitrate,  when  the  calcite  is  placed 
in  the  position  exactly  opposite  to  that  it  wovild  take  up  if  freely 
suspended  in  the  field. 

Mr.  H.  E.  Hurst  kindly  assisted  the  author  in  these  expei'iraents. 

The  magnetic  field  was  obtained  by  putting  the  pole  pieces  of  an 
electromagnet  1*5  mm.  apart  by  means  of  a  slip  of  ebonite.  The 
crystal  was  then  inserted  between  the  poles.  The  field  was  measured 
by  placing  a  small  coil  of  known  diameter  and  number  of  turns,  con- 
nected to  a  D' Arson val  ballistic  galvanometer,  in  the  gap.  The  deflec- 
tion of  the  galvanometer  when  the  coil  was  suddenly  withdrawn  was 
noted,  and  from  this,  by  standai'disation  of  the  galvanometer,  the  field 
strength  was  calculated  and  found  to  be  18,000  electrodynamic  units. 
The  results  were  all  of  a  negative  character,  for  it  was  found  that  the 
magnetic  field  has  no  effect  whatsoever ;  nor  has  it  any  orientating 
effect  on  the  crystallisation  of  sodium  nitrate  on  glass  or  on  dolomite. 

The  author  was  afterwards  made  aware  of  the  fact  that  Porter  (Proc. 
Roy.  Soc,  1904,  73,  5)  has  made  more  elaborate  experiments  on  the 
orientating  action  of  a  magnetic  field  on  crystallo-genesis,  and  he  also 
concluded  that  no  effect  could  be  traced. 

Regular  Growths  on  Natural  Faces  of  Calcite. 

Attempts  were  then  made  to  produce  regular  growths  of  sodium 
nitrate  on  natural  faces  of  calcite  ;  here,  of  necessity,  the  surface  is 
by  no  means  clean.  At  first  the  drop-method  was  used,  but  no  regular 
growths  could  be  obtained  on  the  scalenohedron  v-[20l},  on  e-{110[, 
or  on  the  hexagonal  prism  6-[2llj,  or  on  steep  scalenohedra.  Anothei' 
method  of  deposition  was  therefore  tried.  A  crystal  exhibiting  the 
forms  V,  h  and  e  was  hung  in  a  hot  saturated  solution  which  was 
allowed  to  cool  slowly  for  a  week.  The  result  was  negative  ;  but  on 
repetition,  using  the  same  crystal,  the  scalenohedral  faces  were  found 
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to  lie  covered  with  hundreds  of  microscopic  rhombohedra  which  were 
parallel,  the  crystals  on  all  the  scalenohedron  faces  being  symmetrically 
arranged  (Fig.  1).  An  edge  r  :  r  of  each  crystal  of  sodium  nitrate  made 
a  (mean)  angle  of  80"  with  the  acute  edge  v  :  v.  Now  the  angle 
between  the  edge  r :  r  and  the  above  edge  v  :  v  oi  the  calcite  is  (by  cal- 
culation) 78°56',  and  therefore  differs  by  1°  only  from  the  angle  made 
by  the  edge  ?•  :  r  of  the  sodium  nitrate.  Since  the  above  angle  is  the 
mean  of  several  readings  which  varied  liy  2°,  and  since  the  angles  for 


Fig.  1. 


sodium  nitrate  are  slightly  different  from  those  of  calcite,  we  may  say 
that  one  edge  of  the  rhombohedron  of  sodium  nitrate  lies  in  the 
rhombohedral  zone  of  the  calcite.  In  addition,  a  rhombohedral  face 
of  the  former  is  in  contact  with  a  scalenohedral  face  of  the  latter,  con- 
"sequently  the  other  rhombohedral  edges  of  the  calcite  and  sodium 
nitrate  were  not  parallel  to  one  another.  The  form  e-{110},  which 
terminated  the  crystal,  was  very  rough  and  apparently  corroded,  and 
no  regular  growths  were  obtained  either  on  it  or  on  the  faces  of  the 
form  6-{2Trj. 

Since  the  forms  r  and  v  both  lie  in  the  rhombohedral  zones,  it  was 
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thought  that  other  forms  lying  in  those  zones  might  produce  a  regular 
deposit.  The  best  form  for  this  investigation  was  the  rare  prism  form 
a-[liO]  ;  a  crystal  with  good  faces  of  this  form  was  thoroughly 
cleaned  by  allowing  to  cool  in  a  hot  saturated  solution  for  a  week.  On 
taking  it  out  and  allowing  the  solution  adhering  to  it  to  evaporate, 
small  rhombohedra  of  sodium  nitrate  were  obtained  in  a  definite 
orientation.  The  forms  on  the  calcite  were  a,  r,  and  v,  and  the  orienta- 
tion was  the  one  expected,  namely,  a  face  ?•  of  the  sodium  nitrate  in  con- 
tact with  the  prism  a,  and  an  edge  r  :  r  parallel  to  the  edge  a  :  v  =  7'  :r 
of  the  calcite  (Fig.  2).    On  this  crystal,  no  regular  growths  were  observed 


Fig.  2. 


on  the  scalenohedron  faces ;  it  may  be  here  remarked  that  the  only 
face  which  never  fails  to  give  a  regular  growth  is  a  fresh  cleavage  sur- 
face. Only  crystals  free  from  cleavage  cracks  were  employed  in  this 
connection,  as  it  is  conceivable  that  minute  cleavage  surfaces,  if  present, 
would  cause  a  regular  deposition. 

Repeated  attempts  were  made  with  various  crystals  exhibiting  the 
ordinary  piism  6-|211|  to  obtain  regular  deposits;  these  were  for  a 
long  time  uniformly  unsuccessful.  This  led  the  author  to  the  conclusion 
that  regular  growths  could  only  be  obtained  on  faces  lying  in  the  zones 
[rr].  The  experiments  were  repeated  later,  however,  with  crystals  from 
Egremont,  Cumberland,  which  have  been  described  by  Micrs  {Min. 
Mag.,  1889,  8,  149)  and  produced  a  regular  gi'owth,  in  addition  to 
5-[211],  the  crystals  exhibited  v,  e,  and  a  rare  rhombohedral  form 
il/={31i}  or  J04lll  (Dana);  6J/  measured    =  J 3"5S',  calculated    M°13' 
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(Fig.  3).  Both  the  forms  b  and  31  were  found  to  be  covered  with 
rhombohedra,  so  orientated  that  the  longer  diagonal  of  each  rhomb  was 
parallel  to  the  edge  h:  M  oi  the  calcite  (compare  Fig.  3). 

Growths  on  the  Rhombohedral  Carbonates,  Isomorphous  with  Calcite. 

The  other  rhombohedral  carbonates  of  the  calcite  group  were  then 
brought  into  the  scope  of  this  inquiry,  and  both  methods,  drops 
viewed  under  the  microscope,  and  the  cooling  of  hot  saturated  solu- 

FiG.  3. 


tions  in  beakers  containing  cleavage-pieces  of  the  minerals,  were  used. 
Not  a  single  case  of  parallel  growth,  however,  has  been  obtained. 

The  dolomites  used  included  pearlspar  and  specimens  from  Traver- 
sella.  The  chalybites  included  specimens  from  Wheal  Maudlin, 
Alston,  Aberdeen,  Traversella,  and  Neudorf,  Harz.  Diallogite  from 
Hungary,  calamine  from  the  Thiiringerwald,  breunnei-ite  and  rhodo- 
crosite  have  all  given  negative  results.  The  monoclinic,  pseudo- 
rhombohedral  baryto-calcite  also  induced  no  regular  orientation. 

Discussion  of  Parallel  and  Regular  Growths. 

The  experiments  on  the  calcite  group  prove  conclusively  that 
similarity  of  rhombohedral  angle  is  not  the  predisposing  cavxse  for  the 
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parallel  dejwsition  of  sodium  nitrate,  for  the  diffei*ence  between  the 
rhombohedral  angle  of  calcite  and  sodium  nitrate  is  far  greater  than 
between  sodium  nitrate  and  the  other  rhombohedral  carbonates. 

The  question  immediately  arises  whether  this  is  due  to  a  difference 
of  symmetr}'  or  of  internal  structure  of  the  minerals.  Now  there 
seems  to  be  no  doubt  that  dolomite  possesses  a  lower  type  of  symmetry 
than  calcite,  for,  to  mention  only  one  piece  of  evidence,  etching  figures 
point  to  the  absence  of  the  three  principal  planes  of  symmetry  pos- 
sessed by  calcite.  Dolomite  therefore  belongs  to  the  dioptase  class 
(hexagonal  alternating). 

The  question  as  to  the  symmetry  of  the  other  i-hombohedral  carbon- 
ates of  this  group  is  still  an  open  one.  According  to  Tschermak 
{Anzeiger  d.  Akad.  d.  ^Viss.  zu  Wien,  1880,  No.  19),  both  symmetrical  and 
unsymmetrical  etching  figures  are  obtained  by  the  action  of  hydro- 
chloric acid  on  chalybite  and  magnesite,  the  latter  exhibiting  a  greater 
proportion  of  unsymmetrical  figures  than  the  former ;  rhodochrosite 
behaves  in  the  same  way,  whilst  calamine  gives  no  definite  results. 

The  author  believes  that,  even  if  some  slight  difference  of  symmetry 
exist,  the  nou-formation  of  parallel  growths  cannot  be  attributed  to 
that  alone ;  because  several  pairs  of  substances  have  been  found  by 
him  to  give  parallel  growths,  although  they  do  not  possess  the  same 
symmetry.  If,  for  example,  a  drop  of  an  aqueous  solution  of  potass- 
ium chloride  be  placed  on  a  fresh  cleavage  surface  of  rock  salt,  cubes 
of  potassium  chloride  immediately  appear  in  parallel  position.  It  is 
certain  that  the  cubes  deposited  do  consist  of  potassium  chloride,  for 
they  appear  immediately,  before  much  solution  of  the  rock  salt  can 
have  taken  place,  and,  secondly,  the  two  salts  in  question  do  not  form 
isomorphous  mixtures.  Since  rock  salt  appears  to  belong  to  the 
holohedral,  potassium  chloride  to  the  holoaxial,  class  of  the  cubic 
system,  a  difference  of  symmetry  within  the  system  does  not  prevent 
a  parallel  deposition.  In  spite  of  difference  of  symmetry,  the  two 
structures  probably  possess  some  similarity,  for  the  two  salts  jDOssess 
a  perfect  cubic  cleavage.  Similarly,  all  the  rhombohedral  carbonates 
belong  to  the  same  system  and  possess  many  properties  in  common, 
notably  a  good  rhombohedral  cleavage ;  the  composition,  again,  is 
similar  :  it  may  therefore  be  concluded  that  the  above  analogy  between 
them  on  the  one  hand  and  sodium  chloride  and  potassium  chloride  on 
the  other  is  a  legitimate  one. 

It  is  conceivable  that  in  the  case  of  two  "  isostructural  "  substances 
the  actual  size  of  the  structural  unit  may  be  of  the  greatest  import- 
ance in  determining  whether  or  not  parallel  deposition  shall  take 
place.  Now  whatever  the  structural  unit  may  bo,  it  is  piobable  that, 
in  an  isostructural  series  of  substances,  the  structural  units  will  bear 
the  same  relations  to  each  other  as  the  molecular  volumes. 
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In  the  rhombohedral  series  of  cai'bonates,  the  similarity  of  cleavage 
speaks  for  a  similarity  of  structure.  If,  therefore,  cleavage  rhombo- 
hedra  of  the  members  of  the  group  be  taken  of  such  sizes  that  their 
volumes  are  proportional  to  the  molecular  volumes  of  the  substances, 
their  edges  may  be  taken  to  represent  the  intervals  between  the 
crystal  units  spaced  along  those  directions,  and  are  known  as  the  topic 
axes.     The  latter  are  calculated  from  the  formula 


X  =  "A  = 


v^ 


sinGU^ 


In  consequence  of  the  similarity  of  cleavage  and  of  other  physical 
properties,  sodium  nitrate  may  be  regarded  as  belonging  to  the  same 
isostructural  series,  and  it  is  therefore  possible  to  compare  the  inter- 
vals in  the  structure  of  sodium  nitrate  with  the  corresponding  intervals 
of  the  rhombohedral  carbonates. 

The  values  of  the  ratios  c  :  a  in  the  following  list  are  taken  from 
Groth's  Physikalisclie  Krystallographie,  3rd  edition ;  the  molecular 
volumes  are  due  to  Tschermak  (Joe.  cit.). 

I'able  of  Axial  Ratios,  Molecular   Volumes,  and  Tojnc  Axes  of  the 

Calcite  Grouj). 


(Na,Ag)NO, ? 

NaNO.  73°30' 

Calcite    74  55 

(Dolomite) 73  45 

IMiodochrosite  73    0 

Chalybite  73    2 

Calamine   72  19 


r 

38-6 

1 

\ 

37-8 

/ 

0-8276 

37-8 

4-1276 

0-8543 

36-8 

4-0478 

0-8322 

32-1 

3-9015 

0-8183 

31-0 

3-8781 

0-8191 

30-2 

3-8432 

0-8062 

28-2 

3-7763 

It  will  be  seen  from  the  above  table  that  sodium  nitrate  is  more 
nearly  related  to  calcite  than  to  any  other  member  of  the  series  both 
as  regards  molecular  volume  and  topic  axes.  It  therefore  seems  to 
suggest  that  the  requisite  condition  for  a  parallel  deposition  is  a  not 
too  great  disparity  of  molecular  volume,  and,  hence,  of  topic  axes. 
If  the  distances  between  the  structural  units  of  two  isostructural 
substances  be  greatly  different,  it  may  be  expected  that  the  structure 
of  one  will  not  fit  into  the  structure  of  the  other,  and  the  ci-ystals 
of  one  substance,  grown  on  a  crystal  of  the  other,  may  have  no  definite 
oi-ientation. 

The  regular  growths  of  sodium  nitrate  on  forms  of  calcite  other 
than  the  rhombohedron  are,  perhaps,  of  greater  interest  than  those  on 
the  rhombohedron  itself.  In  the  latter  case,  the  whole  orientation  of 
the  crystals  of  sodium  nitrate  is,  as  far  as  the  small  differences  of  angle 
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allow,  entirely  congruent  with  the  calcite.  When  we  consider  the 
parallel  growths  of  rhombohedra  of  sodium  nitrate  on  other  forms  of 
calcite,  it  is  at  once  seen  that  the  only  possible  congruence  is  that  of  a 
similar  edge  or  zone  axis,  for  the  faces  of  contact  are  of  necessity 
dissimilar. 

In  the  case  of  the  regular  growths  on  the  two  forms  o-llTO}  and 
«;-{210},  a  rhombohedral  zone  axis  was  congruent,  and  the  faces  of  the 
above  two  forms  themselves  lie  in  the  rhombohedral  zones.  On  the 
other  hand,  with  the  forms  6-{21i}  and  J/-{3lT},  the  crystals  of 
sodium  nitrate  were  so  orientated  as  to  bring  the  edge  b :  M,  the 
axis  of  the  zone  [Oil],  into  congruence  with  the  corresponding  edge  of 
the  calcite. 

Although  the  line,  zone  axis  [6il/],  is  not  itself  present  as  a  crystal 
edge  on  the  rhombohedra  of  sodium  nitrate,  yet  it  exists  as  a  line  in 
the  face. 

The  results  show  that  a  coincidence  of  edge  with  edge  is,  perhaps,  of 
greater  importance  than  a  coincidence  of  plane  with  plane ;  this 
derives  additional  confirmation  from  the  consideration  that,  although 
the  parallel  growths  on  cleavage  surfaces  of  calcite  have  apparently  a 
similar  plane  in  congrvience,  yet  only  one  similar  edge  in  that  plane  can 
be  absolutely  congruent,  since  the  plane  angles  of  the  faces  are  different. 
Furthei',  as  mentioned  previously,  the  rhombohedra  deposited  on 
cleavage  surfaces  of  calcite  are  often  in  twin  position  to  the  latter, 
and  in  that  case  it  is  certain  that  only  one  similar  edge  is  congruent 
namely,  the  twin  axis. 

The  distances  apart  of  the  structural  units  in  the  directions  of  the 
rhombohedral  edge  are  given  by  the  above  values  for  ^.     Again,  from 

n 

the  formula  ^=2x-sin_,  where  0  is  the  plane  rhombohedral  angle,  the 

distances  apart  along  the  edges  b  :  M  may  be  calculated.  These  values 
for  sodium  nitrate  and  calcite  are,  respectively,  6'4506  and  6'2878,  and 
it  is  seen  that  they  are  very  close. 

In  the  above  experiments,  regular  growths  of  rhombohedra  of  sodium 
nitrate  were  ultimately  obtained  on  all  the  forms  of  the  calcite  crystals? 
with  the  exception  of  the  form  c-{110J,  the  faces  of  which  were 
always  corroded.  The  question  arises  whether  regular  growths  could 
be  obtained  on  any  form  of  calcite  whatsoever,  provided,  of  course,  the 
ci-ystal  be  thoroughly  cleansed,  so  as  to  lay  bare  the  unimpaired 
structure.  The  answer  may  be  in  the  affirmative,  because  a  similar 
direction  can  always  be  found  in  the  rhombohedral  face  and  in  the  face 
of  the  form  in  question.  This  similar  direction  is,  of  course,  given  by 
the  edge  of  intersection  of  the  two  planes. 
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(II)  The  Potassium  Perchloraie — Barytes  Group. 

The  experiments  on  sodium  nitrate  and  the  calcite  group  had  led  to 
the  suspicion  that  in  such  a  group  the  pai'allel  growth  is  not  con- 
ditioned by  the  similarity  of  axial  ratios  (or  of  the  angular  measure- 
ments) alone  ;  since  if  this  were  so,  the  sodium  nitrate  would  crystallise 
in  parallel  position  with  more  facility  on  chalybite  than  on  calcite, 
whereas  we  have  seen  that  the  converse  holds.  The  group  is  somewhat 
unsatisfactory,  for  only  the  mineral,  and  not  the  substance  deposited, 
can  be  varied.  Attempts  were  made  to  find  a  group  of  minerals  iso- 
structural  with  a  t-eries  of  isomorphous  salts  and  possessing,  if  possible, 
good  cleavages.  It  was  at  last  found  that  the  perchlorate  and  per- 
manganate of  potassium  are  remarkably  like  the  barytes  group 
of  minerals.  Preliminary  experiments  having  proved  that  the 
former  salt  is  regularly  deposited  on  barytes  from  aqueous  solution, 
the  author  resolved  to  study  the  growth  of  all  substances  isomorphous 
with  that  salt  on  the  minerals  celestine  and  anglesite,  which  are 
strictly  isomorphous  with  barytes,  and,  in  addition,  on  anhydrite. 

Crystallography  of  the  Perchlorates  and  Permanganates. 

The  permanganates  of  potassium,  rubidium,  cfesium,  and  ammonivim 
have  already  been  described  by  Muthmann  {Zeit.  Kryst.  Min.,  1894, 
22,  527),  whilst  of  the  perchlorates  the  potassium  salt  was  previously 
measured  by  Groth  {Ann.  Phys.  Chem.,  1868,  133,  193)  and  the 
ammonium  salt  by  Mitscherlich  {Ann.  Phys.  Chem.,  1832,  26,  300). 
Rubidium  and  csesium  perchlorates  have  not  previously  been  measured. 
The  following  is  a  brief  account  of  the  perchlorates  and  permanganates  ; 
a  more  complete  description  will  appear  shortly. 

Preparation  and  Analysis  of  the  Perchlorates. 

The  source  of  all  the  perchlorates  was  the  commercially  pure 
potassium  salt,  which  was  submitted  to  several  recrystallisations ;  the 
operation  is  very  effective  with  this  salt  owing  to  its  slight  solubility. 
The  other  salts  were  made  by  the  double  decomposition  of  solutions 
of  bariutn  perchlorate  and  the  sulphate  of  the  metal,  the  barium 
perchlorate  itself  being  prepared  from  potassium  perchlorate  by  the 
method  given  by  Groth  (loc.  cit.).  The  sulphates  of  rubidium,  csesium, 
and  thallium  were  obtained  from  Merck.  Perfect  mutual  decom- 
position of  the  metallic  sulphate  and  the  barium  perchlorate  was 
ensured  by  testing  the  solution  on  a  glass  slide  viewed  in  a  microscope. 
The  high  purity  of  the  salts  was  shown  by  the  analyses,  which 
consisted  in  chlorine  estimations  by  the  Carius  method.     The  heating 
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was  done  in  two  opei'ations,  each  lasting  four  hours,  the  capillaries 
being  opened  at  the  end  of  the  first  operation  in  order  to  relieve 
the  pressure  of  gas.  The  silver  chloride  was  estimated  gravi- 
metrically. 

Rubidium  perchlorate  :  01611  gave  0-1264  AgCl.     CI  =  19-40. 
RbClO^  requires  19' 18  per  cent. 

Caesium  perchlorate  :  0-2810  gave  01749  AgCl.     CI  =  15-39. 
CsClO^  requires  15-26  per  cent. 

The  isomorphous  perchlorates  and  permanganates  dealt  with 
crystallise  in  the  orthorhombic  system  and  possess  two  very  good  sets 
of  cleavage-directions,  namely,  parallel  to  the  basal  plane,  and  the 
prism.  The  indices  allotted  to  the  forms  throughout  the  whole 
of  this  paper  are  those  usually  given  to  the  barytas  group,  where 
the  cleavage  prism  is  {110}  and  the  brachydome  {Oil}.  The  reasons 
for  this  were  twofold  :  first,  the  salts  greatly  resemble  the  members 
of  the  barytes  group  of  minerals,  and,  secondly,  this  orientation  leads 
to  a  simplification  of  indices.  The  indices  adopted  by  Muthmann  for 
the  permanganates  lead  to  a  value  for  the  ratio  c  :  h  which  is  one-half 
that  adopted  by  the  author. 

Potassium  Perchlorate. — Sixteen  crystals  obtained  from  two  crops 
were  measured.  The  habit  was  of  two  kinds  :  (1)  prismatic,  elongated 
along  the  axis-a  (shown  in  Fig.  4),  (2)  tabular,  parallel  toc-{001}.  The 
forms  present  were  c  =  {001},  ^  =  {011},  m  =  {ll0},  9'={102},  6  =  {010}, 
s  =  {lll},  anda  =  {100}. 

Fig.  4. 


Rubidium  Perchlorate. — This  salt  was  first  prepared  by  Longuinine 
{Ann.  Chem.  Pharm.,  1862,  121,  123).  It  is  less  soluble  than  potass- 
ium perchlorate,  but  very  good  crystals  were  obtained  by  slowly 
cooling  hot  saturated  solutions  ;  of  these,  nineteen  crystals  selected 
from  three  crops  were  measured.     The  habit  of  the  crystals  was  very 
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like  that  of  the  caesium  salt^  which   is  shown  in  Fig.  5.     The  forms 
present  were  m=  [110],  c  =  {001},  r  =  {102},  s  =  {111}  and  6  =  {010}. 

C cesium  perchloraie  was  first  prepared  by  Setterberg  (Ofver.  K.  Vet. 
Ahad.  Fork.,  1882,  6,  23).  Fifteen  crystals  obtained  from  one  crop 
were  measured.  The  larger  crystals  were  of  the  habit  shown  in 
Fig.  5,  whilst  the  smaller  ones  were  more  elongated  along  the  axis-6 


Fig. 


and  more  tabular  parallel  to  c-JOOl}.  The  following  forms  were 
observed:  m  =  {\\Q],  r  =  {102},  c  =  {001},  s  =  {lll}  and  9  =  {011}; 
s  and  g'  were  rarely  present. 

Avimonium  Percldorate. — Several  fruitless  attempts  to  get  good 
crystals  were  made,  but  at  last  a  fairly  good  crop  was  obtained  from 
a  hot  solution ;  twelve  crystals  were  measured.  The  habit  was 
slightly  prismatic  owing  to  an  elongation  along  the  axis-c.  Of  the 
forms  present— m=  {110},  c  =  {001},  r  =  {102},  a  =  {100}  and  g  =  {Oil}  — 
m  and  c  preponderated,  r  being  generally  small ;  q  was  only,  once 
observed. 

Thallium  Percldorate. — This  salt  was  first  prepared  and  also 
measured  by  Roscoe  (Trans.,  1866,  19,  504).  As  the  author  did  not 
succeed  in  obtaining  crystals  good  enough  to  warrant  a  re-measure- 
ment, the  values  of  Roscoe  are  used  in  this  paper.  The  crystals  were 
slightly  elongated  along  the  axis-6,  rarely  the  axis-c,  and  the  forms 
c  =  {001},  r={102},  and  •m  =  {llO}  were  present. 

The  specific  gravities  were  determined  hy  the  method  due  to 
Retgers  (Zeit.  j^hysikal.  Chem.,  1889,  3,  289  and  497),  which  has  been 
lately  used  by  Tutton  (Trans.,  1905,  87,  1130),  and  the  directions 
given  by  Tutton  were  all  observed.  Methylene  iodide  and  benzene 
were  the  liquids  used.  The  weighings  were  corrected  for  displaced 
air,  but  the  specific  gravities  were  not  reduced  to  a  standard  tempera- 
ture, since  the  temperatures  were  so  close  to  those  at  which  Muthmann 
worked  that  a  coiTection  would  only  amount  to  one  unit  in  the  third 
place  of  decimals.  Three  to  six  determinations  were  made  for  each 
salt,  fresh,  carefully  selected  crystals  being  used  each  time.  A  single 
determination  of  the  specific  gravity  of    potassium  perchlorate  was 
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made,   but  the   value  obtained  was   so  close  to  that   determined  by 
Muthmann  that  his  number  was  adopted. 

Following  is  a  table  of  some  of  the  more  important  crystallographic 
constants  of  the  perchlorates  and  permanganates.  The  atomic  weights 
used  for  the  perchloriites  were  taken  from  the  International  Table  for 
1904,  0=16.  The  data  for  the  permanganates  were  taken  directly 
from  Muthmann's  memoir.  A  table  of  the  axial  ratios  is  given 
on  p.  1139. 

Cryslallograj)hic  Constants  of  the  Perchlorates  and  Permanganates. 


m  :  111. 

c  :  q. 

c  :  r. 

JIol.  \vt. 

Sp.  gr. 

Mol.  vol 

KCIO, 

76°  1' 

52°  1' 

39°19i' 

138-60 

2-524 

54-91 

RbClU4    .. 

77    .5 

— 

38  57 

184-85 

3-014 

61-33 

CsClO,  ... 

78  31 

52  23 

38  27 

2.32-35 

3-317 

70-05 

AniC'lO^  .. 

76  r,oi 

52    1 

38  55 

117-49 

1-952 

60-19 

TICIO4.... 

77  10 

— 

38-57 

303-55 

4-844 

62-150 

KMnO,    .. 

77    8 

52  24 

39    9 

158-226 

2-7035 

58-526 

RbMnO^.. 

79  28 

53    7 

38  43 

204-530 

3-2-248 

63-228 

CsMnO^  .. 

81  56 

53  53 

38  17 

251-97 

3-5974 

70-042 

AmMu04. 

78  28 

52  47 

38  53 

137-144 

2-207t; 

62-126 

It  is  seen  from  the  above  table  that  all  the  constants  of  rubidium 
perchlorate  are  intermediate  between  those  of  potassium  percliloi-ate 
and  ceesium  perchlorate  ;  again,  the  angles  and  molecular  volumes 
of  ammonium  perchlorate  and  thallium  perchlorate  are  very  close  to 
those  of  rubidium  perchlorate,  although  the  molecular  weight  of 
ammonium  perchlorate  is  very  low,  whilst  that  of  thallium  perchlorate 
is  very  high.  Further,  since  Tutton  has  shown  that  the  angles  of  all  the 
ammonium  salts  which  he  has  investigated  are  very  close  to  those  of 
the  corresponding  rubidium  compounds,  it  seems  to  follow  that  in  an 
isomorphous  series  molecular  weight  alone  does  not  deteimine  the 
angles.  The  relations  between  the  perchlorates  are  also  seen  to  hold 
good  for  the  permanganates.  A  comparison  of  the  molecular  volumes 
of  the  perchlorates  and  permanganates  shows  that  the  replacement  of 
a  chlorine  by  a  manganese  atom  is  accompanied  by  an  increase  of 
molecular  volume  in  the  potassium  and  rubidium  salts  and  a  decrease 
in  the  csesium  and  ammonium  salts ;  the  amount  of  change  is  greatest 
with  the  pota.ssium  and  smallest  with  the  caesium  salts  ;  this  is  in 
accordance  with  the  fact  that  the  relative  change  in  the  molecule  is 
greatest  with  the  salt  possessing  the  lowest  molecular  weight. 

A  perusal  of  the  tables  of  axial  ratios  given  on  page  1139  will  pi-ove 
that  in  both  series — the  perchlorates  and  permanganates — there  is 
apparently  a  regular  increase  in  the  relative  length  of  the  axes  « 
and  -c  with  regard  to  h,  and  also  of  the  ratio  of  a  to  c,  on  replacing 
potassium  by  the  heavier  atom  rubidium,  and  the  latter  by  tho 
still  heavier  atom  caisium  ;  in  other  words,  there  is  a  regular  progression 
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of  the  ratios  of  the  axes  with  molecular  weight :  but  the  values  of  the 
ammonium  salts  lie  between  those  for  the  potassium  and  rubidium  salt, 
and  approximate  more  closely  to  the  latter  than  the  former.  Again, 
the  values  for  thallium  perchlorate  are  almost  identical  with  those  for 
rubidium  perchlorate.  Finally,  the  ratios  a  :  h  and  c  :  6  of  any  per- 
manganate are  greater  than  those  of  the  corresponding  perchlorate. 

Structure  and  Topic  Axes. 

The  axial  ratios  of  a  sei'ies  of  isomorphous  salts  like  the  perchlorates 
and  permanganates  are  not  strictly  comparable,  since  they  only  express, 
for  each  salt,  the  relative  lengths  of  the  axes-«  and  -c  with  regard  to 
the  axis-6 ;  the  ratio  to  each  other  of  the  S-axes  of  any  two  salts, 
however,  is  unknown.  Now,  by  cleaving  a  crystal  of  any  member 
of  the  group  along  the  planes  c  and  m,  a  parallelepipedon  could  be 
obtained  such  that  its  height  and  diagonals  are  proportional  to  the 
lengths  of  the  crystallographic  axes-c,'  -a,  and  -h  respectively.  Moreover, 
if  cleavage  parallelepipeda  of  the  perchlorates  and  permanganates, 
derived  as  above,  be  taken  of  such  sizes  that  their  volumes  are  propor- 
tional to  the  molecular  volumes  of  the  substances,  they  may  be  taken 
to  represent  the  elementary  cells  at  whose  corners  eight  crystal-units 
are  situated,  whilst  no  such  units  are  contained  within  the  cells;  their 
edges  may,  therefore,  be  taken  to  represent  the  intervals  between  the 
crystal-units  measured  along  those  directions,  and  are  the  topic  axes. 
A  table  of  the  topic  axes  of  the  perchlorates  and  permanganates  is 
given  on  page  11 42,  from  which  it  is  evident  that  the  values  of  the  topic 
axes  of  each  rubidium  salt  lie  between  the  corresponding  values  of  the 
potassium  and  csesium  salt,  whilst  the  thallium  and  ammonium  salts 
are  very  close  to  the  rubidium  salts.  The  replacement  of  the  chlorine 
by  the  manganese  atom  generally  effects  an  increase  in  the  values 
of  the  topic  axes. 

It  is  obvious  from  the  above  that  the  degree  of  isomorphism  between 
the  perchlorates  and  permanganates  is  very  close  and  quite  comparable 
with  that  exhibited  by,  say,  the  metallic  sulphates  and  selenates.  Now, 
perhaps  the  chief  evidence  in  favour  of  placing  the  element  manganese 
in  the  seventh  group  of  the  periodic  classification  is  derived  from  the 
close  relationship  of  the  permanganates  and  the  perchlorates  ;  and  not 
the  least  important  conclusion  of  the  above  work  is,  that  this  evidence, 
so  far  as  it  goes,  is  of  the  strongest  possible  kind.  It  may  be  added 
that  the  perchlorates  and  permanganates  exhibit  two  other  important 
properties  possessed  by  isomorphous  substances  :  namely,  the  formation 
of  parallel  growths  and  of  mixed  crystals. 
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Experiments  on  the  Deposition  of  Potassium  Percldorate  and  Potassium 
Permanganate  on  the  Barytes-minerals. 

As  mentioned  above,  the  first  regularity  in  growth  noticed  was  that 
crystals  of  potassium  perchlorate  ai-e  deposited  from  aqueous  solutions 
on  barytes  in  regularly  orientated  positions.  The  deposition  is  regular 
on  both  cleavages,  namely,  parallel  to  c  and  m. 

The  following  points  are  worthy  of  notice.  On  the  c-cleavage,  the 
small  crystals  of  potassium  perchlorate  are  bounded  by  the  pinacoids 
a  and  h,  the  prism-??i  being  but  slightly  developed  when  not  entirely 
absent ;  in  the  case  of  the  macroscopic  crystals  of  potassium  perchlorate 
measured,  on  the  other  hand,  the  prism  is  the  dominant  form  in 
the  zone  [001].  The  face  of  contact  is  c-{001},  as  was  subsequently 
proved  by  the  gonionietrical  measurement  of  large  crystals  grown  on 
the  basal  cleavage  of  barytes.  The  edges  ca,  cb  of  the  crystals  of 
potassium  perchlorate  were  pai-allel  to  the  extinction  directions  of  the 
barytes,  and  therefore  bisected  the  prism  angles  of  the  latter. 

The  microscopic  crystals  deposited  on  prism-cleavages  of  barytes 
had  each  a  prism  face  in  contact ;  the  boundaries  of  the  crystals  were 
the  traces  of  the  foi'm  c,  a  piir  of  prism  faces,  and  s-'Ill}  ;  the  edges 
c  :m  were  congruent.  The  crystals  of  potassium  perchlorate,  therefore, 
are  entirely  parallel  with  the  crystals  of  barytes,  in  so  far  as  the  small 
differences  of  angles  will  allow. 

The  same  was  found  to  be  true  for  cleavage-pieces  of  celestine ; 
good  cleavages  of  anglesite  were  not  available. 

Potassium  permanganate  also  gave  regularly  orientated  crystals  on 
the  basal  and  prismatic  cleavages  of  barytes.  The  crystals  appeared 
to  be  combinations  of  «-(100},  7>i-{110}  and  c-{001},  and  were  generally 
elongated  along  the  axis-6  ;  by  illuminating  the  slide  from  above, 
however,  it  was  seen  that  the  crystals  ai'e  really  combinations  of  the 
above  forms  together  with  r-{102}.  The  edges  c :  m  were  always 
parallel  to  the  corresponding  edges  C  :  M  of  the  barytes. 

The  progress  of  growth  on  the  prism -cleavage  was  very  interesting  : 
the  potassium  permanganate  began  to  crystallise  in  small  isosceles 
triangles,  the  bases  of  which  were  all  parallel  to  the  edge  3f :  21  of 
the  barytes.  The  mean  value  for  the  interior  vertical  angle  was 
51°;  the  triangles  gi-ew  in  the  direction  of  the  base,  and,  in  general, 
developed  three  new  sides,  thus  becoming  elongated,  six-sided  crystals. 
The  orientation  here  is  identical  with  that  of  the  barytes,  for  the 
above  interior  angle,  calculated  on  the  supposition  that  the  faces  are 
r  and  c — the  crystal  lying  on  m — is  53°49',  which  is  sufficiently  close 
to  the  microscope-reading. 

In    two    or  three  cases   it  has  been  observed    that    two    crystals, 
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joined  together,  have,  on  further  growth,  given  rise  to  one  of  the 
above-mentioned  isosceles  triangles.  Such'pairs  of  crystals  would  seem 
to  be  twinned  on  the  face  6'-[001j  (if  C  is  really  not  a  plane  of 
symmetry),  but  their  opacity  renders  optical  experiments  impossible, 
and  prevents  a  further  examination  ;  on  the  other  hand,  no 
macroscopic  twin-crystals  of  the  perchlorates  or  permanganates  have 
been  observed. 

The  gi'owths  of  potassium  permanganate  are  also  parallel  on  basal 
cleavages  of  celestine.  The  prism- cleavage  of  the  latter  mineral  is 
not  so  good  as  that  of  barytes,  and  it  was  found  that  the  growths  of 
potassium  permanganate  on  this  cleavage  are  generally  irregular ; 
whether  this  is  due  to  the  rough  surface,  or  to  another  cause  hereafter 
mentioned,  has  not  been  settled. 

Drops  of  solutions  of  the  perchlorates  of  rubidium,  caesium,  am- 
monium, and  thallium,  and  permanganates  of  rubidium,  cassium, 
ammonium,  and  barium  were  then  allowed  to  evaporate  on  cleavage 
flakes  of  barytes  and  celestine,  and  a  parallel  growth  of  ammonium 
permanganate  was  once  observed  on  a  basal  cleavage  of  barytes  ;  in 
none  of  the  other  cases  was  a  definite  orientation  noticeable. 

An  account  of  the  forms  noticed  on  the  crystals  of  the  various  salts 
is  given  below. 

RbClO^  : — Generally  simple  combinations  of  the  basal  plane  and 
the  prism,  a  microscope-reading  of  the  prism-angle  gave  79°  ;  a  few 
crystals  were  elongated  like  the  crystals  of  potassium  permanganate 
along  the  axis-5. 

CsClO^  : — Often  feathery  aggregates,  but  a  very  few  thin  plates  were 
measureable,  and  gave  a  reading  of  80°  for  the  prism-angle. 

TICIO^  : — Exhibited  the  forms  c,  r,  on,  and  rarely  q1   m:  rii  =  77i°. 

AmClO^  : — Very  similar  to  thallium  perchlorate. 

RbMnO^  : — Very  similar  to  potassium  permanganate. 

CsMnO^ : — Some  crystals  were  obviously  lying  on  the  c-face, 
m  :vi  =  82° ;  r  and  s  were  also  noticed. 

AmMnO^  : — The  habit  was  the  same  as  that  of  potassium  per- 
manganate ;  the  growths  observed  on  m-  and  c-cleavages  of  celestine,  and 
on  the  ?«-cleavage  of  barytes,  were  never  parallel ;  this  was  generally 
true  of  the  c-cleavage  of  bai^ytes  also.  In  one  case  of  the  latter, 
however,  eight  small  crystals,  near  to  each  other,  were  found  to  be 
parallel;  all  the  remaining  crystals  (above  100  in  number)  were 
totally  irregular.  Further  attempts  to  obtain  a  parallel  growth  on 
many  other  cleavage-pieces  were  fruitless. 

Ba(MnO^)2  ' — Was  also  irregular  (orthorhombic  "cubes  "). 

Solutions  in  all  proportions  of  potassium  perchlorate  and  perman- 
ganate deposited  regularly  orientated  mixed-crystals  on  barytes  without 
exception. 


THE   THEORY   OF   ISOMORPHISM,  1139 

Further  attempts  were  made  to  obtain  parallel  growths  by  im- 
mersing cleavage-pieces  of  the  barytes-minerals  in  hot  saturated 
solutions  of  the  various  salts,  and  allowing  to  cool  slowly.  Beautiful, 
large  crystals  of  potassium  perchlorate  have  thus  been  obtained,  grown 
on  the  c-  and  ?;t-cleavages  of  barytes  and  celestine,  and  on  natural 
crystals  of  anglesite  and  barytes.  The  crystals  of  potassium  perchlorate 
were  always  parallel  to  the  mineral  on  which  they  were  deposited. 
The  natural  crystal  of  barytes  employed  was  two  inches  long  in  the 
direction  of  the  6-axis,  and  exhibited  the  forms  r,  m,  and  c ;  and 
the  crystals  of  potassium  perchlorate,  deposited  on  all  these  forms, 
had  the  same  orientation  as  the  barytes,  the  faces  of  contact  being 
?*,  m  and  c  respectively.  The  crystal  of  anglesite  was  not  so  good, 
but  measurement  on  the  two-circle  goniometer  proved  that  the  crystals 
grown  on  it  were  parallel  with  itself. 

The  perchlorates  of  rubidium,  csesium,  ammonium,  and  thallium  and 
permanganates  of  rubidium  and  cfesium  all  failed  to  give  definitely 
orientated  growths.  In  the  case  of  the  permanganates,  the  cleavage- 
pieces  were  found  to  be  covered  with  a  scum,  possibly  manganese 
dioxide. 

Growths  on  Anhydrite. 

Anhydrite,  CaSO^,  possesses  three  good  cleavages  parallel  to  the 
three  pinacoids ;  it  is  therefore  not  isostructural  with  the  per- 
manganates and  perchlorates  of  the  alkalis.  Nevertheless,  attempts 
were  made  to  obtain  regular  growths  on  all  three  cleavages.  The 
salts  used  with  the  drop  method  were  ammonium  perchlorate  and  the 
permanganates  of  potassium,  rubidium,  caesium,  and  ammonium  ;  with 
the  cooling  method,  the  perchlorates  of  potassium,  rubidium,  coesium, 
and  ammonium.  No  regular  growths  were  obtained  by  either 
method. 

Discussion  of  Results  of  Experiments  on  the  Baryles  Group. 

The  axial  ratios  of  the  minerals  in  the  barytes  group  are : 

Anglesite  a  :  b  :  c   =   0-7852  :  1  :  1-2894 

Celestine   a  :  b  :  c  =   07811  :  1  :  1-2830 

Barytes a  :  b  :  c  =   0-8152  :  1  :  1-313G 

Whilst  those  of  the  salts  investigated  are  : 


6 


a 


b  :       c 

KCIO4    0-7815:1:1-2805       I        AmMnOj  0-8164:1:1-3108 

AniOlOj 0-7932:1:1-2808  CsClO^  0-8173:1:1-2976 

RIjCIOj 0-7967  :  1  :  1-2882  RbMnO,    0-8311  :  1  :  l-33'23 

KMti04 0-7972  :  1  :  1-2982  CsMnO.  0-85S3     1:1-3705 

TICIO4  0-7978  :  1  :  1-2898  | 
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It  is  therefore  evident  that  similarity  of  axial  ratios,  and  the 
attendant  similarity  of  angles,  is  not  the  favouring  factor  for  a  parallel 
deposition.     Following  is  a  table  of  the  prism  angles  : 


Celestine  75°58' 

KCIO4  76    1 

Anglesite 76  17 

AmC104    76  501 

RbC104 77    5i 

KMnO.    77    8 


TICIO4 77°10' 

Barytes   78  23 

AmMn04 78  27^ 

CSCIO4 78  31 

RbMn04   79    2^ 

CsMnO^    81  56 


Now  we  have  seen  that  potassium  perchlorate  will  grow  in  parallel 
position  on  either  celestine  or  barytes,  the  difference  in  prism  angle 
being  +  0°3'  and  -  2°22'  respectively ;  whereas  rubidium  perchlorate 
will  not  grow  regularly  on  either,  the  corresponding  differences  being 
+  l°7'and  —  1°17'.  Again,  the  difference  between  m,\m  for  barytes 
and  caesium  perchlorate  is  -  8'  only,  and  yet  no  regular  deposition 
takes  place. 

On  turning  to  the  molecular  volumes,  however,  we  find  a  most 
remarkable  connection  between  the  similarity  of  the  values  of  this 
constant  and  the  formation  of  parallel  growths. 

The  molecular  volumes  are  in  the  following  order  : 

Celestine,    46-8;    anglesite,    48-2;  barytes,    52-0 ;  KCIO^, 


KMnO^,  58-498 


54-915; 
AmCIO^,  60-19;  RbClO^,  61-33  ;  AmMnO^,  62076; 
TICIO4,  62-66;  RbMnO^,  63-415;  CsMnO^,  70-023;  CsClO^,  70-05; 
and  one  sees  at  once  that  in  those  cases  in  which  parallel  depositions 
have  been  observed  there  is  a  closeness  in  the  values  of  the  molecular 
volumes ;  for  example,  no  salt  having  a  greater  molecular  volume  than 
that  of  potassium  permanganate  (with  the  exception  of  the  isolated 
observation  with  ammonium  permanganate)  has  offered  any  parallel 
growths  on  any  of  the  minerals  of  the  barytes  group.  As  mentioned 
above,  the  difficulty  of  obtaining  parallel  growths  of  potassium  per- 
manganate on  the  m-cleavage  of  celestine  may  be  partly  due  to  the 
somewhat  inferior  cleavage  ;  but  it  is  worthy  of  notice  that  celestine 
has  a  lower  molecular  volume  than  barytes.  Again,  ammonium  per- 
manganate was  only  once  obtained  on  barytes,  never  on  celestine. 

Hence,  in  the  above  series,  it  is  similarity  of  molecular  volume  which 
determines  whether  there  shall  or  shall  not  be  parallel  growth,  whereas 
conclusions  drawn  from  a  similarity  of  angle  alone  (or  of  axial  ratios) 
would  be  erroneous. 

The  conception  of  topic  axes,  suggested  by  Becke  and  employed  so 
successfully  by  Muthmann  and  Tutton  in  their  work  on  isomorphous 
series,  embodies  the  relationships  both  of  molecular  volumes  and  axial 
ratios  as  described  above  under  calcite ;  by  their  use,  one  can  compare 
isostructural  substances  with  each  other,  and  draw  conclusions  regard- 
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iDg  the  relative  distances  apart  of  the  structural  units,  and  hence  the 
reticular  densities  in  all  planes  can  be  calculated ;  further,  such 
densities  and  distances  apart  are  comparable  for  all  isostructural 
members.  The  merit  of  this  method  especially  lies  in  the  last  state- 
ment :  for  Bravais  long  ago  showed  how  to  calculate  the  relative 
distances  apart  of  the  structural  units,  and  also  the  reticular  densities, 
of  an  individual  salt ;  the  values  so  obtained  for  an  individual  salt, 
however,  are  not  comparable  with  each  other,  since  a  different  arbitrary 
unit — namely,  axis-6  =  1 — is  taken  for  each  salt. 

In  order  to  make  justifiable  comparisons,  one  must  be  certain  that 
the  structure  of  the  salts  to  be  compared  is  similar.  Now  the  extra- 
ordinary similarity  of  angles,  cleavage,  molecular  volume,  and,  in 
addition,  the  formation  of  similarly  orientated  overgrowths,  argue  for 
a  similarity  of  structure  in  the  barytes  group  and  the  isomorphous 
series  of  the  permanganates  and  perchlorates ;  we  are  therefore 
justified  in  making  comparisons  between  the  various  members  of  these 
three  groups ;  comparisons  between  such  groups  have  not  previously 
been  made. 

The  structure  of  all  the  above  substances  is  probably  founded  on 
the  orthorhombic-prism  space-lattice,  for  a  maximum  reticular  density 
in  the  cleavage  directions  c  and  m  is  thereby  obtained. 

Just  as  the  topic  axes  of  the  rhombohedi-al  group  were  calculated 
from  the  cleavage  rhombohedra,  so  in  the  barytes-perchlorate-per- 
manganate  series,  topic  axes  can  be  calculated  from  the  cleavage 
parallelepipeda  formed  by  the  forms  c  and  m,  and  they  enable  us  to 
compare  corresponding  lengths  along  their  edges. 

In  the  following  table,  w  and  i  repi'esent  corresponding  lengths  along 
the  edges  m  :  m  and  m  :  c  respectively  of  the  elementary  parallelepipeda ; 
X  and  i(/  are  their  diagonals  :  so  that  x>  '/'>  w,  and  ^  represent  distances 
between  contiguous  crystal-units. 

The  values  of  x>  ^)  "Jj  and  $  are  obtained  from  the  formulae  : 

3/2Fa2.    ,       3/2?  3/2T^2  y~      - 

where  V  is  the  molecular  volume,  a  and  c  the  axial  ratios. 

Since  the  topic  axes  are  simple  functions  of  the  molecular  volume 
and  the  axial  ratios,  and  since  the  axial  ratios  betray  far  less 
differences  than  the  molecular  volumes,  it  is  not  surprising  that  the 
topic  axes,  wlien  arranged  in  order  of  magnitude,  follow,  in  general, 
the  same  sequence  as  the  molecular  volumes. 
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Topic  Axes  of  the  Potassium  Perchlorate — Barytes  Group, 


X- 

Celestine   3-5349  4 

Anglesitc  3-5743  4 

Barytes 3-6509  4 

KCIO4  3-7360  4 

KMn04 3-8555  4 

AmClO^ 3-8959  4 

RbC104 3-9244  4 

AmMn04  8-9757  4 

TICIO4  3-9964  5 

RbMn04  4-0382  4 

CSCIO4 4-1625  5 

CsMn04 4-2551  4 


5931 
5520 
7899 
7878 
8360 
9117 
9264 


0093 
8565 
0929 
9005 


■7649 
-8694 
•9472 
-1307 
•2779 
-2909 
•3447 
•4126 
•2606 
•4704 
•6086 
•7161 


I 

•S9S0 
•8938 
•0113 
•0365 
•0924 
•1346 
•1492 
-1433 
-2040 
-1574 
-2888 
-2450 


It  is  seen  from  the  table  that  all  the  topic  axes  of  potassium  pei'- 
chlorate  and  potassium  permanganate  are  closer  to  those  of  the  three 
minerals  than  are  the  topic  axes  of  the  remaining  salts,  which  all 
failed  to  give  parallel  growths.  Therefore,  in  these  three  groups  of 
compounds — perchlorates,  permanganates,  and  sulphates — as  in  the 
two  rhombohedral  groups  studied  above,  a  consideration  of  the  topic 
axes  enables  one  to  predict  which  crystals  are  capable  of  growing  in 
parallel  position  on  each  other.  The  result  may  be  stated,  then,  as 
follows.  In  an  isostructural  series,  those  structures  which  are  most 
nearly  congruent,  as  indicated  by  similarity  of  molecular  volume  or  of 
topic  axes,  are  the  structures  which  yield  parallel  growths.  If  this  be 
true,  then  it  is  possible  that  salts  such  as  rubidium  permanganate, 
caesium  permanganate,  &c.,  which  fail  to  give  parallel  growths  on 
barytes,  may  grow  in  parallel  position  on  potassium  perchlorate 
or  permanganate.  Experiments  fully  confirming  this  prediction  are 
described  on  page  1152. 

We  are  now  in  a  position  to  account  for  the  insignificant  part 
played  by  similarity  of  axial  ratios  (with  the  attendant  similarity  of 
angles)  in  conditioning  a  parallel  growth ;  these  ratios  simply  deter- 
mine the  solid  and  plane  angles  and  the  ratios  of  the  lengths  of  the 
edges  of  the  elementary  parallelepipedal  cell ;  they  do  not  determine 
the  volume  of  the  same,  nor  do  they  give  us  the  distances  between 
contiguous  crystal-units ;  as  seen  above,  the  latter  depend  rather  on 
the  molecular  volumes.  It  follows,  then,  that  the  difference  between 
the  spacing  of  the  crystal-units  of  two  isostructural  substances  like 
barium  sulphate  and  caesium  perchlorate  is  not  necessarily  small, 
although  the  angles  are  almost  identical.  On  the  other  hand,  two 
substances  like  potassium  perchlorate  and  barium  sulphate  may 
exhibit  great  differences  in  angles,  and  yet  the  spacing  of  their 
crystal-units  may  be  almost  identical. 

Following  is  a  list  of  mesh-areas,  formed  by  four  contiguous  crystal- 
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units  in  the  two  planes  c-{001}   and  ?72-{110} — the  planes  on  which 

attempts    were    made  to   obtain    parallel   growths ;  these  areas    are 

inversely  proportional  to  the  reticular  densities.  The  area  in  the 
plane  c-{001}  is  equal  to  the  product  |x'/'»  *he  value  in  the  plane 
m-{110}  being  ^co. 

List  of  Mesh-areas. 


c-JOOi;-.  m-{110!-. 

Celestine  8-1181  16-706 

Auglesite     8-1351  16-985 

Barytes    8-7437  17-909 

KCIO4 8-9437  18-616 

KMnO^    9-32-25  19-414 

AmC104  9-5678  19-720 


c-IOOl}.  m-{110}. 

RbClO^    9-6664  19-980 

AmMn04   9-6804  20-157 

TICIO4    10-010  20059 

RbMii04 9-8003  20-4-29 

CSCIO4 10-600  21-734 

CsMnOj  10-426  21-794 


The  far  less  mesh-area  in  the  plane  c-{001}  than  in  the  plane 
??i-{110}  is  ill  harmony  with  the  fact  that  the  basal  cleavage  is  better 
than  the  prismatic. 

The  above  two  large  groups  of  substances  supplement  each  other 
admirably,  for  in  the  calcite — sodium  nitrate  group  we  have  only  one 
salt  to  five  or  six  minerals,  whereas  in  the  potassium  perchlorate 
— barytes  group  we  have  three  minerals  and  nine  salts.  The  I'esults 
obtained  from  both  groups  ai-e  identical,  and  especially  show  the  im- 
portance of  molecular  volumes.  Topic  axes,  which  are  the  axial 
ratios  interpreted  in  terms  of  molecular  volume,  not  only  emphasise 
the  important  part  played  by  molecular  volumes,  but  also  the  com- 
parative insignificance  of  similarity  of  angle  in  determining  parallel 
depositions  of  isostructural  substances  on  each  other. 

Exact  Orientation  of  the  Crystals  on  each  other. 

The  crystals  of  the  above  salts  cannot  be  absolutely  congruent 
with  the  crystal  of  the  mineral  on  which  they  are  deposited,  since  the 
crystal  elements  are  not  identical.  It  is,  therefore,  of  considerable 
interest  to  know  what  the  exact  orientation  really  is.  Granted  that 
the  faces  of  contact  lie  in  a  plane,  it  still  remains  to  determine 
which  edges,  if  any,  are  parallel.  The  pair  of  substances  chosen 
for  the  elucidation  of  this  point  was  potassium  perchlorate  and  bai-ytes, 
for  they  exhibit  the  greatest  difference  of  angle.  Several  fresh 
cleavage  plates  were  immersed  in  hot  saturated  solutions  of  the  former 
salt,  which  wei-e  allowed  to  cool  slowly.  The  crystals  were  carefully 
dried,  avoiding  as  far  as  possible  any  pressure  which  might  slightly 
alter  the  orientation  of  the  super-imposed  crystals.  Sometimes  the 
crystals  of  potassium  perchlorate  were  not  dried  by  actual  contact 
with  filter-paper,  but  the  latter  was  placed  in  contact  with  the  barytes 
and  the  solution  thus  absorbed.  The  growths  were  measured  on  the 
two-circle  goniometer,  which  is  invaluable  for  such  work. 
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Consider,  first,  the  case  of  a  crystal  of  potassium  perchlorate  grow- 
ing on  barytes  with  two  prism  faces  in  contact ;  then,  if  an  edge 
m  :  c  of  the  one  is  parallel  to  an  edge  if :  C  of  the  other,  the  edges 
m  :  on,  M :  M  must  be  parallel,  since  in  both  substances  the  angle  c  :  m 
is  90°.  The  angles  between  the  planes  of  contact  m  and  M,  and  the 
other  faces,  m■^^  and  M-^,  respectively,  however,  will  not  be  the  same, 
since  m  -.m^  and  M :  M^  differ  by  2°22'. 

The  results  obtained,  although  pointing  to  the  above  as  the  ideal 
position,  showed  slight  variations  therefrom.  The  angle  between  the 
faces  of  contact — which  ideally  should  be  0° — was  never  greater  than 
20',  and  generally  was  a  few   minutes  only.     It  was  also  found  that 


Fig.  6. 


the  edge  c  :  m  is  parallel  to  the  edge  C  :  M,  and  the  angle  m^  :  M^ 
always  approximated  to  the  theoretical  angle  2°22', 

Now  consider  the  growths  on  the  basal  cleavages  of  barytes ; 
granted  that  the  contact-faces  are  parallel,  the  question  arises  whether 
an  edge  c  :  m  of  the  potassium  perchlorate  is  parallel  to  an  edge 
G  :  M  oi  the  barytes,  the  other  edge  c  :  m^  consequently  making  an 
angle  of  2°22'  with  the  edge  C  :  M^,  or  whether  the  crystallographic 
axes  are  parallel  instead  of  these  pairs  of  edges.  Now,  if  the  first 
alternative  be  correct,  there  is  no  reason  why  one  pair  of  edges 
G  '.  M,  c  :m  should  be  preferred  to  the  other  pair,  and  when  several 
crystals  of  potassium  perchlorate  are  grown  on  one  crystal  of  barytes, 
there  is  no  reason  why  the  former,  inter  se,  should  be  exactly 
congruent ;  if,  however,  the  crystallographic  axes  be  parallel,  it  follows 
necessarily  that  all  the  crystals  of  potassium  perchlorate  will  b?> 
congruent. 
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The  goniometrical  results  showed  that  the  contact-faces  were  coplanar 
(subject  to  variations  of  a  few  minutes);  they  proved,  too,  that  although 
the  positions  of  various  crystals  on  the  same  piece  of  barytes  varied  by 
2|°,  they  yet  tended  to  be  such  that  either  the  edges  m\c,  M  '.C  ov  the 
edges  m^  ic,  M^:C  were  parallel.  It  will  be  seen  from  Fig.  6  that  the 
position  of  crystal^B  can  be  derived  from  that  of  crystal  -4  by  a  counter- 
clock-wise  rotation  of  2°22' ;  rarely  was  a  crystal  orientated  in  a  posi- 
tion derivable  from  that  of  ^  by  a  small  clock- wise,  or  from  that  of  B 
by  a  small  counter-clock-wise,  rotation,  in  which  cases  no  prism  edges 
would  be  parallel.  Thus,  so  far  as  could  be  made  out,  it  is  the  prism 
edges  which  are  congruent.  Now,  parallel  growths  may  be  regarded  as 
the  result  of  the'  fitting  together  of  two  similar  and  almost  identical 
structures ;  hence,  it  might  follow  that,  in  a  parallel  growth,  those 
similar  edges  of  the  two  substances  would  be  absolutely  congruent  along 
which  the  crystal-units  are  most  nearly  equally  spaced.  The  topic  axes 
of  potassium  perchlorate  and  barytes  are  : 

X-  ^-  o-  |. 

KCIO4    37360  4-7878  61307  3-036.5 

BaSO.    3-6509  4-7899  5-9472  3-0113 


Difference...         0-0851         -0-0021  0-1835  0-0252 

Now  the  edges  of  the  potassium  perchlorate  developed  in  contact 
with  the  barytes  were  c  :q,  c:r,  and  c :  m,  and  the  distances  between 
contiguous  crystal-units  along  these  three  directions  are  given  by  v,  d/, 
and  I  respectively.  Since  the  i/^-axes  are  almost  identical,  it  would 
appear  at  first  sight  that  the  edges  c  :  r  (the  xp-Sixes)  should  be  parallel. 
But  in  this  case  (since  the  angle  between  the  zones  cr  and  cq  is  90° 
in  both  substances)  the  edges  c  :  q  would  necessarily  be  parallel  also  : 
but  these  edges  exhibit  the  greatest  difference  of  spacing,  and  would 
not  be  expected  to  fit  (compare  the  values  of  x)-  On  the  other  hand, 
the  difference  between  the  ^-values  is  fairly  small,  and,  moreover,  the 
Rvalues  themselves  are  the  smallest ;  that  is  to  say,  the  particles  along 
the  edge  c :  m  are  the  most  densely  packed,  and  also  the  most 
similar  in  the  two  crystals.  This  may  account  for  the  observed  fact 
that  a  pair  of  edges  c  :  m  is  parallel. 

(Ill)  Are    Substances  like  Sodium  Nitrate   and   Calcite,  Barytes   and 
Potassium  Perchlorate,  Isomorphous  ? 

The  later  definition  of  isomorphism  by  Mitscherlich  was  :  "  Sub- 
stances possessing  an  analogous  composition,  which  crystallise  in  the 
same  form  (or  in  similar  forms),  and  which  are  capable  of  mixing  in  any 
proportions,  are  isomorphous " ;  but  the  terms  of  this  definition  arc 
unsatisfactory  for  three  reasons  : 
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(!)  Analogous  chemical  composition  must  be  held  to  imply  that  dis- 
similar groups  can  replace  each  other,  for  example  : 
S'aSi  and  OaAl  in  the  felspars. 
CaSi  and  2A1  in  the  pyroxenes. 
TiFg,  NbOF  and  WOo  in  the  compounds  described  by  Marignac. 

(2)  Similarity  of  form  and  angle  are  found  with  substances  which 
probably  differ  in  symmetry,  for  instance,  KLiSO^  and  NaLiS04  ;  NaCl 
and  KCl. 

(3)  The  formation  of  mixed  crystals  is  not  limited  to  substances 
of  analogous  composition,  thus,  ammonium  chloride  forms  mixed 
crystals  with  ferrous  chloride,  ferric  chloride,  and  manganic  chloride  ; 
further,  the  miscibility  of  some  "  isomorphous "  substances  is  very 
limited  indeed. 

Now  calciteand  sodium  nitrate  possess  certain  similarities  of  chemical 
composition,  in  fact,  they  resemble  each  other  in  much  the  same  way 
as  do  albite  and  anorthite,  for  example  : 

Valencies. 
/Albite,  NaAlSijOs  =  NaSiCAlSioOg).  Na  +  Si=:V.       \ 

\ Anorthite,  CaAlaSiaOg  =   CaAlCAlSi^Og).  Ca  +  Al  =  V.       / 

/Sodium  nitrate,  NaXOa  =NaN(03).  Na  +  N  =  VI.     "\ 

\Calcite,  CaCOs  =   CaC(03).  Ca  +  C    =  VI.     / 

/Potassium  perchlorate,  KClOj   =   KCUOJ.  K  +  Cl    =VIII.) 

\Bary1es,  BaS04  =   BaSlOJ.  Ba  +  S    =  VIII.  / 

They  also  possess  similar  forms  and  angles  ;  moreover,  they  exhibit 
the  following  physical  properties  : 


Comparison  of  Physical  Properties  of  Calcite  and  Sodium  Nitrate. 

Calcite.  NaNO.,. 


Cleavage. 

c  :  a 

1100^ 
0-8543 
74°55' 
36-8 
4-0478 

1100} 
0-8276 

r  :  r  

73''30' 

Molecular  volume  

Topic  axis  {%  —  '^  —  ^)    

37-8 
4-1276 

Optical  properties : — 

Birefringence. 

Negative 

.     Difference. 

Negative 

Eefraetive  indices...    a> 

CB 
D 

If 

1-6531 
1-6585 
1-6636 
1-6833 

0-074 
0-071 
0070 
0-057 

1-579 
1-587 
1-594 
1-626 

Refractive  indices...     e 

[B 
D 

^  E 
H 

1-4839 
1-4863 
1-4887 
1-4978 

0-149 
0-150 
0-142 
0-154 

1-335 
1-336 
1-337 
1-344 

(CO -6) 

B 
H 

0-1692 
0-1855 

— 

0-244 
0-282 

Induced  magnetism. 
Magnetic  character. 
Artificial  twinning  :  twin  pi. 
Thermal  conductivity  (Jannettaz). 


Diamagnctic.         Dianiagnetic. 
Positive.  Positive. 

{110}  1110} 

Greater  axis  of  ellipsoid  parallel 
to  principal  axis. 
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In  view  of  the  above  remarkable  resemblances,  the  question  arises 
whether  calcite  and  sodium  nitrate  should  not  be  called  isomorphous,  in 
spite  of  the  fact  that  they  do  not  form  mixed  crystals. 

Now  there  are  two  other  properties  which  have  been  long  advanced 
as  characteristic  of  isomorphous  substmces:  (I)  the  formation  of 
parallel  growths,  (2)  the  relief  of  supersaturation  of  a  solution  by  a 
crystal  of  a  substance  isomorphous  with  the  solute.  It  has  been 
shown  that  the  first  property  is  possessed  by  calcite  and  sodium  nitrate  ; 
further,  Professor  Miers  and  M.  Chevalier  have  found  that  calcite 
does  relieve  supersaturation  in  a  metastable  solution  of  sodium  nitrate, 
and  this  the  present  author  has  confirmed. 

The  parallel  growth  of  sodium  nitrate  and  calcite  has  long  been 
known,  and  it  has  led  many  mineralogists,  especially  Tschermak,  to 
entertain  the  view  that  the  two  substances  aie  isomorphous ;  yet  little 
significance  has  been  attributed  to  it  by  many  others,  partly  because 
the  case  was  regarded  as  unique.  The  views  of  Groth  and  Retgers 
may  be  given  here,  since  they  were  most  prominent  in  denying  the 
isomorphism.  Groth  says,  "  Zweierlei  Moleciile  von  sehr  verschiedener 
Moleculargrosse  kiJnnen  wohl,  jeder  Art  fiir  sich,  zu  einen  Aufbau 
von  iibereinstimmender  Struktur  sich  vereinigen,  aber  niemals  konnen 
sie  mit  einander  gemischt  einen  homogenen  Krystall  liefern.  Hierin 
diirfte  wohl  die  einfache  Erklarung  fiir  die  Tat.sache  liegen,  das  gewisse 
chemisch  nicht  analoge  Korper,  welche  sehr  ahnliche  Krystallstruktur 
besitzen,  wie  Natronsalpeter  und  Kalkspath,  zwar  im  Stande  sind, 
der  eine  auf  den  Krystallen  des  anderen  als  regelmassige  Foit- 
wachsung  zu  krystallisieren,  niemals  aber  isomorphe  Mischungen  zu 
liefern," 

It  may  be  pointed  out  that,  although  of  different  molecular  weight, 
calcite  and  sodium  nitrate  are  really  not  of  different  molecular  size, 
for  their  molecular  volumes  are  almost  identical. 

Retgers  asserted  that  parallel  growth  may  not  be  taken  as  a 
criterion  for  isomorphism.  He  says  of  parallel  growth :  "  Das 
Phiinomen  ist  nicht  beschriinkt  auf  isomorphe,  sondern  erstreckt  sich 

auch  auf  morphotrope  Korper Die  ganze  Erscheinung  hat  also 

nicht  den  geringsten  Werth  fiir  chemische  Schlussfolgerungen.  Es  ist 
weiter  nichts  als  ein  Influenciren  auf  die  Richtung  bei  der  Ausscheidung 
aus  dem  fliissigen  in  den  festen  Zustand  und  sehr  gut  vergleichbar  dem 
sich  parallel  Orientiren  von  Eisensfabchen  in  der  Nahe  eines  starkcn 
Magnetes."  Now  Retgers  here  confused  the  two  terms,  parallel  and 
regular  growths  :  although  it  i.s  true  that  reguLvr  growths  of  morpho- 
tropic  substances  (or  of  substances  which  are  apparently  not  even 
morphotropic)  are  known,  yet  parallel  growths  as  exhibited  by  calcite 
and  sodium  nitrate,  potassium  perchlorate  and  barytes — that  is,  where 
the  substances  are  isostructural  and  the  whole  orientation  is  congruent 
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— such  parallel  growths  are  not  found  among  morphotropic  substances 
(the  felspars  being  held  to  be  isomorphous).  Further,  there  is  only  a 
superficial  analogy  between  parallel  growths  and  the  action  of  a  magnet 
on  iron-filings  ;  because,  although  the  magnet  does  orientate  the  filings 
in  a  definite  manner,  yet  the  position  taken  up  by  the  molecules  or  the 
crystal -units  of  the  filings  is  not,  necessarily,  congruent  with  the  posi- 
tion of  the  molecules  of  the  orientator — the  magnet. 

Retgers  has  proposed  another  definition  of  isomorphism :  "  Two 
substances  are  really  only  isomorphous  when  the  physical  properties 
of  their  mixed  crystals  are  continuous  functions  of  the  chemical  com- 
position." If  this  definition  be  accepted,  substances  which  do  not,  or 
cannot,  form  mixed  crystals  are  rigidly  excluded ;  moreover,  complete 
investigations  of  the  physical  properties  of  mixed  crystals  have  been 
made  very  seldom.  Eetgers,  however,  was  not  consistent,  for,  in 
ridiculing  a  proposal  (made  by  Arzruni)  that  a  similar  degree  of 
solubility  may  be  taken  as  characteristic  of  isomorphous  compounds, 
he  said  "  CaFg  and  CaClg  are  both  cubic,  the  former  being  nearly 
insoluble,  the  latter  extraordinarily  deliquescent.  Mixed  crystals, 
therefore,  cannot  be  formed  from  an  aqueous  solution  ;  yet  the  two 
compounds  are  isomorphous.  It  is  possible  that  a  common  solvent 
might  exist,  from  which  mixed  crystals  would  be  obtainable ;  or  the 
latter  might  be  obtained  from  the  fused  mixture."  No  mixed  crystals, 
no  parallel  growths,  no  relief  of  supersaturation  had  been  observed  ; 
therefore  the  only  reason  for  asserting  that  these  two  substances  are 
isomorphous  was  that  both  are  cubic,  coupled  with  the  fact  that 
chlorine  and  fiuorine  sometimes  replace  each  other  isomorphously. 
The  remarks  of  Retgers  concerning  calcium  chloride  and  calcium 
fluoride  are  really  applicable  to  sodium  nitrate  and  calcium  carbonate. 

It  has  been  shown  above  that  in  an  isostructural  series  the  forma- 
tion of  parallel  growths  depends  on  a  similarity  of  molecular  volume. 
The  question  arises  whether  the  miscibility  of  isomorphous  salts  also 
depends  on  this,  but  an  examination  of  the  investigated  cases, 
especially  of  those  with  limited  miscibility,  has  failed  to  lead  to 
the  recognition  of  the  existence  of  any  connection  between  molecular 
volume  and  miscibility. 

In  spite  of  this  difference,  however,  the  author  does  not  see  why  the 
parallel  growths  should  not  be  taken  as  evidence  in  favour  of  iso- 
morphism in  lieu  of  the  formation  of  mixed  crystals.  It  may  be 
concluded,  then,  that  the  isostructural  substances,  sodium  nitrate  and 
calcite,  are  reallyiisomorphous. 

Reliable  results  would  probably  not  be  obtainable  from  experiments 
on  the  relief  of  supersaturation  of  potassium  perohlorate  or  perman- 
ganate by  barytes,  celestine,  or  anglesite  ;  in  the  former  case,  owing 
to  the  slight  solubility  of  the  salt,  in  the  latter  because  of  the  opacity 
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of  the  solution.  But  the  analogies  which  have  been  made  out,  for 
example,  composition,  form,  angle,  molecular  volume,  and  the  formation 
of  parallel  growths,  point  to  the  isomorphism  of  these  substances. 

The  author  hopes  to  make  an  investigation  of  the  physical  properties 
of  the  perchlorates  and  permanganates,  in  order  to  see  whether  the 
two  groups,  calcium  carbonate — sodium  nitrate,  potassium  perchlorate 
— barium  sulphate,  are  completely  analogous. 

(IV)  Other  Experiments  with  Solutions  on  Minerals. 
Growths   on  Mica. 

In  the  course  of  the  present  investigation,  the  author  also  studied 
the  growths  on  mica,  first  obtained  by  Frankenheim,  whose  results 
were,  in  general,  confirmed,  and  the  following  additional  interest- 
ing facts  were  observed.  In  the  case  of  potassium  iodide,  part 
came  down  in  cubes  which  were  totally  irregular  (Frankenheim 
asserted  that  they  are  regular) ;  besides  these,  skeletal,  triangular-shaped 
masses — often  twinned — were  present  and  were  regularly  arranged, 
one  side  of  the  triangle  being  parallel  to  the  plane  of  symmetry  of  the 
mica.  Potassium  bromide  gave  similar  results,  but  here  in  some  rare 
cases  cubes  standing  on  a  face  {111}  were  observed,  and  they  possessed 
the  same  orientation  as  the  triangles.  Potassium  chloride  gave  skeletal 
growths  which  were  quite  irregular.  Sodium  bromide  and  iodide 
crystallise  in  monoclinic  forms  containing  two  molecules  of  water  of 
crystallisation  ;  the  deposition  is  irregular.  Finally,  sodium  chloride 
gave  irregularly  orientated  cubes.  Sodium  nitrate  generally  comes 
down  in  rhombohedra  which  have  no  definite  orientation  ;  sometimes, 
however,  triangular-shaped  masses  are  met  with,  which  possess  the 
same  orientation  as  the  above  salts.  Moi'eover,  rhombohedra  standing 
on  {111}  have  been  obtained  in  the  same  orientation  as  the  triangular 
crystals;  rarely  is  the  face  {111}  developed,  and  it  is  always  pitted, 
and  generally  disappears  on  the  further  growth  of  the  crystal.  In 
some  cases  a  negative  rhombohedron  was  observed. 

The  above  regular  growths  do  not  meet  with  so  ready  an  explanation 
as  the  isostructux'al  substances  previously  studied,  for  the  molecular 
volume  of  the  mica  is  certainly  far  greater  than  those  of  the  substances 
deposited.  It  is  worthy  of  remark,  however,  that  the  structure  of  the 
haloid  compounds  may  not  bo  greatly  different  from  that  of  sodium 
nitrate,  for  the  cleavage  is  very  similar.  Further,  the  orientation  of 
the  regularly  deposited  crystals  of  all  the  above  substances  was  the 
same,  as  were  also  the  forms.  Is  it  merely  a  coincidence  that  the 
above  crystals  were  so  orientated  that  a  trigonal  axis  is  parallel  to 
the  pseudo-trigonal  axis  of  the  mica  ? 

Sipce  mica  causes  substances  so  diverse  as  the  above  to  crystallise 
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on  it  in  regular  position,  it  was  resolved  to  study  the  crystallisa- 
tion of  other  salts  on  mica  and  on  other  minerals  possessing  good 
cleavages. 

Potassium  nitrate  gave  three  kinds  of  crystals  on  mica  : 

(1)  Ordinary  orthorhombic  prisms  which  were  irregular, 

(2)  Equilateral-triangular,  and 

(3)  Skeletal-hexagonal  masses,  which  were  both  orientated  in  the 
same  regular  manner  as  the  crystals  of  potassium  iodide. 

Attempts  to  detach  these  crystals  in  order  to  investigate  their 
optical  properties  were  without  success  owing  to  their  extreme  tenuity. 
Crystallisation  on  the  thinnest  piece  of  mica  obtainable  by  cleavage 
was  also  tried,  but  the  interference  figure  of  the  mica  was  still  pre- 
dominant. The  triangular-  and  hexagonal-crystals  with  the  above 
orientation  i-emained  dark  when  the  nicols  were  rotated,  but  a  few 
crystals  not  in  the  above  orientation  polarised  in  bright  colours,  and 
are  therefore  strongly  birefringent. 

Potassium  nitrate,  crystallised  on  glass,  gave  the  orthorhombic 
crystals  only. 

Hydroquinone  on  Calcite. 

It  was  found  that  two  kinds  of  crystals  of  hydroquinone  are  deposited 
on  calcite  from  a  warm  aqueous  solution  :  (1)  long  prisms  irregulai-ly 
ai'ranged,  and  (2)  stouter  plates  which  were  orientated  regularly  with 
one  side  parallel  to  the  longer  diagonal  of  the  calcite-rhomb.  The 
extinction  of  the  prism-modification  is  straight  and  the  birefringence 
weak ;  this  is,  therefore,  probably  the  hexagonal  modification  (hydro- 
quinone is  dimorphous) ;  they  were  too  small  to  be  measured,  but 
crystals  of  a  similar  habit  obtained  in  a  test-tube  were,  on  measurement, 
found  to  be  hexagonal. 

The  second  regularly-orientated  modification  was  also  obtained  by 
allowing  a  solution  to  crystallise  on  glass,  and  was  found  to  be  strongly 
bii'efringent ;  the  quartz  wedge  compensates  across  the  prism,  and  ex- 
amination in  convergent  polarised  light  shows  the  first  mean  line  is 
normal  to  the  section.  The  axial  angle  is  very  wide  and  the  plane  of 
the  optic  axes  is  parallel  to  the  direction  of  compensation  ;  hence  the 
birefringence  is  positive.  The  extinction  is  straight.  This  modification 
may  be  the  monoclinic  one. 

ExpeAments  with  other  Minerals  and  Salts. 

The  majority  of  the  experiments  made  with  other  minerals  and  salts 
gave  negative  results,  so  the  details  of  each  case  are  not  gone  into  ;  the 
following  is  a  list  of  the  substances  tried  which  all  gave  irregularly 
orientated  deposits.  Only  fresh  cleavage  surfaces  of  the  mineral  werp 
used. 
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Caldte. — Potassium  iodide,  bromide,  and  chloride. 

Mica. — Ammonium  alum,  barium  nitrate,  ammonium  nitrate, 
potassium  fluoride  and  perchlorate,  and  sodium  chJ orate. 

Gypsum. — Sodiam  nitrate  (Frankenheim  says  regular) ;  potassium 
chromate,  iodide,  perchlorate,  and  permanganate  ;  sodium  chloride  and 
barium  nitrate. 

Rock  Salt. — Potassium  bromate,  chromate,  perchlorate,  and  sulphate; 
sodium  chlorate. 

Barytes. — Potassium  chromate,  nitrate,  and  sulphate. 

Cubic  Suhgtanees  on  Cubic  Minerals. 
The  following  failed  to  yield  regular  growths  : 

On  blende,  Y=  2 3  To. 

V. 

Ammonium  alum    552'2 

Barium  nitrate    81*0 

Lead  nitrate    73'3 

Sodium  chloride 27*2 

Potassium  chloride 37'4 

Sodium  chlorate 46'5 

Sodium  bromate 45'2 

Potassium  iodide     53'24: 

Potassium  cyanide 1 

V. 

'  On  fluor-spar   24*5 

All  the  above  salts,  and  also  ammonium  chloride  and  silver  chloride 
(from  ammoniacal  solution),  failed  to  give  any  regular  growths  on 
fluor-spar. 

The  Aragcmite  Group. 

It  has  been  asserted  by  v.  Hauer  [Sitzungsher.  K.  Akad.  Wien.,  1860, 
39,  612)  that  de  Senarmont  obtained  an  overgrowth,  in  parallel 
position,  of  potassium  nitrate  on  aragonite  ;  but  neither  Arzruni  nor 
the  author  has  been  able  to  find  an  account  of  this  in  de  Senarmont's 
published  papers. 

It  was  decided  to  investigate  this  point,  since  the  crystallographic 
relationships  of  potassium  nitrate  and  aragonite  are  much  the  same 
as  those  of  calcite  and  sodium  nitrate.  Crystals  of  aragonite,  from 
Bilin,  possessing  bright  faces,  were  cleansed  by  means  of  a  saturated 
solution  of  potassium  nitrate,  and  the  two  methods  previously  used — 
the  drop  and  the  cooling  method — were  applied  in  the  attempt  to 
obtain  regular  depositions ;  but  no  trace  of  regularity  could  be  found 
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in  the  crystals  of  potassium  nitrate  deposited.  Cleavage  faces,  too, 
were  tried,  but  all  to  no  purpose.  Crystals  of  cerussite,  exhibiting  the 
forms  m-{110},  ij-{120},  ^-{011},  {021},  and  {010}  were  also  tried; 
but  here,  again,  no  regular  growths  were  obtained.  Twin-crystals  of 
witherite  (the  only  ones  available)  with  very  rough  faces  also  afforded 
no  regular  growths. 

(V)  Parallel  Growths  of  Isotnorphous  Salts  on  each  other. 

Investigations  were  then  made  in  order  to  find  whether  similarity 
of  molecular  volume  is  as  necessary  for  the  formation  on  each  other  of 
parallel  growths  in  the  case  of  isomorphous  salts  which  do  form  mixed 
crystals  as  is  apparently  the  case  with  substances  like  potassium  per- 
chlorate  and  barytes,  which  do  not ;  for,  if  isomorphous  salts  were 
found  capable  of  giving  parallel  growths,  no  matter  how  great  the 
difi'erence  of  molecular  volume,  this  property  would  distinguish  them 
from  mei'ely  isostructural  substances.  It  has,  of  course,  long  been 
known  that  isomorphous  substances  are  capable  of  giving  zone- 
crystals,  but  this  property  has,  hitherto,  not  been  systematically  studied, 
and  the  simple  drop  method  does  not  seem  to  have  been  used  in  its 
investigation.  In  order  to  test  this  point,  the  series  of  isotnorphous 
salts  selected  should  show  great  differences  of  molecular  volume 
amongst  its  members,  and  this  condition  is  most  likely  to  be  fulfilled 
in  groups  containing  isomorphously  replaceable  acidic — as  well  as 
basic — radicles.  The  only  such  groups  which  have  been  worked  out 
with  regard  to  volume  properties,  as  well  as  geometrical,  are  : 

(1)  Sulphates  and  selenates  of  the  alkalis  (Tutton), 

(2)  Double  sulphates  and  selenates  of  the  form  R2^04'-'^^04'^H2^ 
(Tutton), 

(3)  The  alums  (Pettersson),  j 

(4)  The  haloid  salts  of  the  alkalis  (Sprockhoff),  and 

(5)  The  permanganates  and  the  perchlorates  of  the  alkalis. 

Parallel  Growths  of  the  Perchlorates  and  Permanganates  on  each  other. 

Freshly-prepared  basal  and  prismatic  cleavage-pieces  of  the  salts 
were  used,  and  drops  of  a  saturated  solution  of  another  salt  were 
placed  on  them  and  the  crystallisation  watched.  The  rapidity  with 
which  crystals  appeared  on  the  mother-crystal  varied  with  the  indi- 
vidual pairs  of  salts.  The  growths  always  appeared  more  quickly, 
however,  than  with  calcite  and  sodium  nitrate  ;  in  some  cases  they 
appeared  as  soon  as  the  drop  touched  the  crystal.  All  possible  pairs 
of  substances  were  not  taken,  but  all  the  salts  were  used,  either  as 
crystals  or   in  solution,  and  all  gave  parallel  growths.     This  is  no 


THE  THEORY  OF   ISOMORPHISM.  1153 

doubt  to  be  accounted  for  by  the  fact  that,  as  shown  on  p.  1135,  they 
do  not  differ  greatly  in  molecular  volume. 
Following  is  a  list  of  the  experiments  : 

KMnO^  aq.  on  crystals  of  KCIO^,  RbClO^,  and  CsClO^. 

RbMnO^  aq.  „  KCIO^. 

AmClO^  aq.  „  KCIO^. 

TICIO4  aq.  „  KCIO4. 

KCIO4  aq.  „  CSCIO4. 

CsMnO^aq.  „  KCIO4. 

Caesium  permanganate  is  very  slightly  soluble  in  water,  so  the 
crystals  deposited  on  a  crystal  of  potassium  perchlorate  were  extremely 
small ;  there  was  no  doubt,  however,  concerning  the  regularity  of  the 
deposition.  Since  csesium  and  potassium  perchlorates  possess,  respec- 
tively, the  highest  and  lowest  molecular  volumes  of  all  the  salts  in  the 
series,  and  since  all  the  other  pairs  tried  gave  parallel  growths,  it  is 
very  probable  that  all  possible  pairs  would  also  give  parallel  growths. 

The  results  go  far  to  prove  that  there  is  no  inherent  difference 
between  the  salts  which  form  parallel  growths  on  barytes,  potassium 
perchlorate  and  permanganate,  on  the  one  hand,  and  those  which  do 
not,  on  the  other ;  moreover,  they  confirm  the  view  that  only  a  too 
great  dissimilarity  of  molecular  volume  renders  parallel  growths 
impossible. 

The  investigation  of  the  halogen  salts  of  the  alkalis  is  now  in 
progress. 

Growth  of  Two  Salts  possessing  almost  identical  Molecular  Volumes. 

It  was  observed  in  the  course  of  the  above  work  that  a  drop  of 
solution  of  a  salt,  placed  on  a  crystal  of  the  solute  itself,  does  not  on 
evaporation  give  rise  to  visible  parallel  crystals,  but  a  few  irregularly 
orientated  crystals  are  formed ;  a  closer  study  showed,  however,  that 
the  crystals  which  are  formed  really  fall  from  the  surface  of  the  drop 
and  are  not  formed  in  contact  with  the  large  crystal.  Further,  very 
often  separate  crystals  are  not  formed  at  all,  but  the  large  crystal 
grows  as  a  whole. 

The  examination  of  several  pairs  of  isomorphous  salts,  selected  at 
random,  finally  disclosed  the  fact  that  a  drop  of  sodium  bromato 
solution  behaves  in  exactly  the  same  manner  when  placed  on  a  crystal 
of  sodium  chlorate — the  solution  evaporates  without  the  formation 
of  separate  crystals.  Now  the  molecular  volumes  of  these  two 
salts  are  almost  identical,  namely,  45*2  and  465  respectively.  It 
therefore  appeared  likely  that  the  property  might  bo  common  to  all 
pairs  of  isomorphous  salts  which  possess  nearly  identical  molecular 
volumes. 
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The  crystallisation  of  various  alums  on  each  other,  and  of  a  solution 
of  zinc  sulphate  on  crystals  of  the  less  soluble  magnesium  sulphate, 
was  studied.  The  molecular  volumes  of  the  latter  salts  are,  respec- 
tively, 146"72  and  147'096,  and  the  topic  axes  calculated  from  Dufet's 
measurements  are : 

X-  'I'-  w- 

ZnS04  7aq 6-28650  6-41955  3-63561 

MgS04  7aq 6-31895  6-38361  3-64661 

Differences 0-03245  0-03594  0-01100 

In  most  cases  no  separate  crystals  were  formed,  but  the  solution 
evaporates,  leaving  a  zonal  growth  of  ZnS04,7aq.  on  MgS04,7aq. 

The  same  behaviour  has  been  found  with  solutions  of  chrome  and 
ammonium  alum  on  crystals  of  potassium  alum,  and  with  a  solution  of 
ammonium  alum  on  crystals  of  chrome  alum.  Sometimes  a  few  crys- 
tals were  formed,  but  they  were  never  parallel. 

The  molecular  volumes  of  these  alums  are  : 


Chrome  alum 542-2 

Potassium  alum     541  -6  >  Otto  Petterssen. 


■el 

Ammonium  alum  5522  j 


There  is  therefore  apparently  a  remarkable  connection  between  the 
character  of  parallel  growths  and  the  amount  of  the  diffei'ence  of 
molecular  volumes. 

It  is  significant  that  the  most  beautiful  examples  of  zonal-growths 
(Schichtkrystalle)  recorded  have  been  obtained  from  pairs  of  salts  possess- 
ing almost  identical  molecular  volumes ;  for  example,  by  the  immer- 
sion of  crystals  of  zinc  sulphate,  nickel  sulphate,  or  cobalt  sulphate  in  a 
solution  of  magnesium  sulphate ;  or,  again,  the  various  alums  on  each 
other  (described  by  von  Hauer).  An  explanation  of  the  common 
occurrence  of  zonal  structure  in  the  felspars  may  be  found  in  the 
extraordinary  similarity  of  molecular  volume  of  the  individual  mem- 
bers of  the  group.  The  molecular  volumes  of  the  two  extreme  members, 
albite  and  anorthite,  are  respectively  100-13  and  101 '49. 

Complications  which  ensue  owing  to  the  Common  Solubility  of  Two  /Salts 
in  the  same  Solvent. 

The  deposition  of  a  salt  on.  crystals  of  an  isomorphous  salt  which  is 
soluble  in  the  solution  of  the  former  is  not  a  simple  process  due  to 
evaporation  alone ;  this  follows  from  the  observation  that  even  if  the 
solution  of  the  former  is  not  quite  "  saturated,"  crystals  are  still 
immediately  deposited  on  the  isomorphous  salt.     Further,  on  placing  a 
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small  fragment  of  the  solute  in  the  solution,  it  begins  to  dissolve, 
although  appai"ently  the  same  substance  is  simultaneously  separating  out 
on  the  crystal  of  the  isomorphous  salt.  Again,  if  the  solution  (not 
saturated)  is  of  a  suitable  concentration,  a  crystal  of  an  isomorphous 
salt,  when  introduced,  becomes  covered  with  small  crystals  (generally 
in  parallel  position),  but  itself  begins  to  dissolve ;  if  the  crystals  intro- 
duced be  very  small  and  more  soluble  than  the  solute,  it  dissolves 
completely,  and  then  the  crystals  of  the  solute,  which  have  separated 
out,  begin  to  dissolve  themselves,  and  may  totally  disappear. 

Suitable  solutions  of  ammonium  chloride,  potassium  iodide,  and 
potassium  chloride  were  prepared  by  slightly  diluting  the  saturated 
solutions,  and  small  cleavage-pieces  of  rock  salt  were  pushed  into  drops 
of  them;  in  all  cases,  crystals  appeared  on  the  rock  salt,  and  the  latter 
began  to  dissolve.  Further,  on  adding  a  small  crystal  of  the  solute  to 
the  drop,  it  also  began  to  dissolve ;  if,  however,  this  crystal  was 
placed  on  the  rock  salt,  it  did  not  dissolve.  This  shows  that  the  con- 
centration and  composition  of  the  solution  vary  greatly  in  different 
parts  of  the  drop  ;  the  solution  in  contact  with  the  rock  salt  is  saturated 
with  regard  to  the  solute,  whereas  the  rest  of  the  solution  is  unsaturated. 
Crystals  of  ammonium  perchlorate  behave  in  the  same  way  when 
immersed  in  a  nearly  saturated  solution  of  thallium  perchlorate.  In 
the  case  of  suitably  diluted  solutions  of  potassium  bromide  and  potassium 
iodide,  rock  salt  causes  an  immediate  liberation  of  cubes  in  parallel 
position,  whilst  the  rock  salt  itself  dissolves  away  ;  finally,  the  cubes 
of  potassium  bromide  and  iodide  dissolve. 

Crystals  of  cfesium  chloride  on  immersion  in  potassium  iodide 
solution  dissolved  rapidly,  but  in  a  remarkable  manner ;  the  sides  of 
the  crystals  alternately  grew  and  dissolved  several  times,  until  finally 
all  had  disappeared.  Similarly,  crystals  of  ammonium  perchlorate 
cause  a  liberation  of  crystals  of  potassium  perchlorate  (in  parallel 
position)  from  a  nearly  saturated  solution  of  the  latter  salt,  but 
dissolve  rapidly  themselves ;  finally,  the  crystals  of  potassium  per- 
chlorate themselves  disappear. 

We  have  seen  that  crystals  of  sodium  chloride  cavise  an  immediate 
liberation  of  crystals  of  potassium  iodide  from  a  solution  of  the  latter  ; 
now  a  crystal  of  potassium  iodide  also  liberates  crystals  of  sodium 
chloride  from  its  aqueous  solution,  and  if  the  solution  of  the  latter  bo 
not  quite  saturated,  the  crystals  of  sodium  chloride  which  have 
separated  on  the  crystal  of  potassium  iodide  dissolve  again  completely 
after  the  solution  of  the  potassium  iodide. 

The  liberation  of  crystals  of  the  solute  in  all  the  above  cases  is 
probably  preceded  by  the  dissolution  of  a  small  portion  of  the  crystal  of 
the  isomorphous  salt ;  this  follows  from  a  consideration  of  the  fact  that 
the  solution  was  in  many  cases  not  saturated  in  the  absence  of  the  crystal 
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introduced.  This,  together  with  the  variations  of  concentration  which  it 
causes  in  different  parts  of  the  solution,  is  sufficient  to  explain  the 
above  observations.  It  follows  from  Roozeboom's  thermodynamic 
deduction  of  the  laws  of  equilibrium  between  isomorphous  salts  and  a 
common  solvent  that  a  salt  cannot  be  in  equilibrium  with  a  pure 
saturated  solution  of  another  salt ;  an  interchange  of  salt  and  solute 
will  take  place  in  general,  with  the  formation  of  mixed  crystals.  Now 
it  is  extremely  unlikely  that  the  mixed  crystals  first  formed  will  have 
the  same  composition  as  the  mixed  crystals  which  are  finally  in 
equilibrium  with  the  solution,  for  the  equilibrium  is  only  gradually 
reached  and  not  j9e?'  saltum  ;  the  composition  of  the  solution,  therefore, 
is  continually  changing,  and  mixed  crystals  of  varying  concentrations 
will  be  formed  during  the  process,  which  will  all  in  turn  dissolve  again. 
The  best  example  of  this  phenomenon  noticed  by  the  author  was  found 
with  crystals  of  caesium  chloride  and  a  solution  of  potassium  iodide. 
It  follows  from  the  above  considerations  that  the  ci-ystals  deposited  on 
a  crystal  of  an  isomorphous  salt  are  not  pure  crystals  of  the  solute, 
but  mixed  crystals ;  nevertheless,  the  percentage  of  the  solute  will  be 
very  high,  and  hence  the  molecular  volume  of  the  mixed  crystals 
deposited  will  not  be  greatly  different  from  the  molecular  volume  of 
the  pure  solute. 


Su7nmary  of  Conclusions. 

(1)  The  parallel  deposition  of  sodium  nitrate  on  fresh  cleavage 
surfaces  of  calcite  is  independent  of  the  habit  or  variety  of  the  latter, 
so  long  as  a  good  cleavage  surface  is  obtainable. 

(2)  Isomorphous  mixtures  of  sodium  and  silver  nitrate,  and  sodium 
and  potassium  nitrate,  behave  like  pure  sodium  nitrate. 

(3)  An  essential  condition  for  parallel  growths  is  a  clean  surface  : 
in  the  experiments  described,  contact  with  the  unimpaired  crystalline 
material  was  found  to  be  absolutely  necessary. 

(4)  Artificial  twinning  over  the  glide-plane,  6-(110},  does  not  prevent 
the  parallel  deposition  of  crystals. 

(5)  The  orientation  of  the  crystals  deposited  is  not  affected  by 
crystallisation  in  a  magnetic  field. 

(6)  Sodium  nitrate  is  deposited  in  regular  position  on  certain  other 
forms  of  calcite  besides  the  cleavage  surface ;  in  all  cases  congruent 
edges  of  the  calcite  and  sodium  nitrate  are  parallel. 

(7)  Sodium  nitrate  does  not  form  parallel  growths  on  the  other 
minerals  of  the  calcite  gi'oup — chalybite,  calamine,  dolomite,  rhodo- 
clirosite,  breunnerite,  and  diallogite — nor  on  barytocalcite. 

(8)  The    necessary  condition    for   parallel  (and  regular)   growth  is 
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closeness  of  moleculai'  volume  rather  than  similarity  of  angle  (or  of 
axial  ratios). 

(9)  Parallel  growths  have  been  discovered  amongst  the  members  of 
another,  and  far  more  numerous,  group  of  isostructural  minerals  and 
salts.  Potassium  perchlorate  and  potassium  permanganate  form 
parallel  growths  on  the  minerals,  barjtes,  anglesite,  and  celestine, 
whereas  the  perchlorates  of  rubidium,  cajsium,  ammonium,  and  thallium, 
and  the  permanganates  of  rubidium,  caesium,  and  ammonium,  do  not. 
Here,  again,  closeness  of  molecular  volume — and,  hence,  of  topic  axes 
— is  necessary  for  parallel  growth. 

(10)  The  above  isomorphous  salts  do  not  form  parallel  growths  on 
anhydrite  ;  the  latter  is,  however,  not  isostructural  with  the  formei', 
for  it  has  a  different  cleavage. 

(11)  The  parallel  growths  and,  in  addition,  the  extraordinary  simi- 
larities— crystallogiaphic  and  physical — of  sodium  nitrate  and  calcite 
(and  also  of  potassium  perchlorate  and  barytes,  &c.),  is  strong 
evidence  for  regarding  them  as  isomorphous.  This  view  is  in  harmony 
with  the  observations  regarding  the  action  of  calcite  on  a  metastable 
solution  of  sodium  nitrate. 

(12)  Regular  growths  of  potassium  bromide,  potassium  iodide, 
sodium,  and  potassium  nitrate  can  be  obtained  on  mica  ;  also  of  hydro- 
quinone  on  calcite. 

(13)  No  parallel  growths  of  cubic  salts  on  cubic  minerals  were 
obtained. 

(14)  No  parallel  growths  were  obtained  in  the  potassium  nitrate- 
aragonite  group. 

(15)  All  the  members  of  the  perchlorate-permauganate  group  form 
parallel  growths  on  each  other  ;  this  is  the  first  investigation  of  the 
parallel  growths  of  substances  which  form  mixed  crystals. 

(16)  Pairs  of  isomorphous  salts,  the  molecular  volumes  of  which  are 
almost  identical,  form  zonal-groAvths  (Schichtkrystalle)  rather  than 
parallel  growths  of  distinct  crystals. 

(17)  The  perchlorates  of  potassium,  rubidium,  ctesium,  ammonium, 
and  thallium,  and  the  permanganates  of  the  first  four  metals,  form  an 
isomorphous  group.  The  crystallographic  i-elationship  between  the 
perchlorates  and  permanganates  is  the  same  as  that  between  the 
sulphates  and  selenates  ;  the  crystallographic  evidence  for  placing 
manganese  in  the  seventh  group  of  the  periodic  classification  is  there- 
fore the  same  as  holds  for  placing  selenium  in  the  sixth  group. 

I  take  this  opportunity  of  expressing  my  thanks  to  the  Chemical 
Society  for  defraying  the  expenses  of  this  research  by  means  of  a 
grant. 

In  conclusion  I  desire  to  record  my  thanks  and  gratitude  to  Professor 
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H.  A.  Miers,  who  not  only  proposed  the  above  research  to  me,  but 
also  continuously  supported  me  with  happy  suggestion  and  helpful 
criticism. 

mineralogical  department, 

University  Museum, 

Oxford. 


CXV. — The   Diazo-derivatives   of  the   Mixed   Aliphatic 
Aromatic  w-Benzenesulphonylaminohenzylamines. 

By  Gilbert  Thomas  Mokgan  and  Frances  Mary  Gore 

MiCKLETHWAIT. 

The  acylsulphonyl  derivatives  of  the  purely  aromatic  ortho-  and  para- 
diamines  give  rise  to  two  characteristic  series  of  diazo-anhydrides. 
The  compounds  of  the  ortho-series  are  very  stable  substances  produced 
even  in  the  presence  of  mineral  acids  and  not  hydrolysed  by  hot  acids 
or  alkalis.  The  para-diazoimides,  on  the  other  hand,  are  formed  only 
when  the  mineral  acid  present  is  replaced  by  a  weaker  organic  acid, 
and  the  change  is  readily  reversed  by  treating  the  diazo-anhydride 
with  cold  concentrated  hydrochloric  acid.  The  para-diazoimides  are 
further  characterised  by  their  colour,  all  the  members  of  the  series 
hitherto  prepared  being  distinctly  yellow  (Trans.,  1905,  87,  73,  921, 
1302).  In  the  ortho-series,  the  appearance  of  colour  is  exceptional, 
and  the  acyl-o-diazoimides  are  generally  described  as  being  colourless 
substances. 

In  their  last  communication  on  this  subject  (this  vol.,  p.  4),  the 
authors  described  benzenesulphonyl-1  : 8-naphthylenediazoimide  and 
showed  that  this  heteronucleal  peri-derivative  was  similar  in  all 
respects  to  the  para-diazoimides.  As  these  facts  indicated  that  the 
production  of  a  coloured  diazoimide  occurs  even  when  the  aminic 
nitrogens  ai-e  situated  in  different  aromatic  rings,  it  seemed  of  interest 
to  ascertain  whether  similar  compounds  would  be  formed  from  mixed 
aliphatic  aromatic  diamines  containing  the  acylamino-group  in  an  open 
chain.  Accordingly,  the  w-benzenesulphonyl  derivatives  of  the  three 
aminobenzylamines  were  examined  from  this  point  of  view,  and  the 
results  obtained  are  recorded  below. 

The  structural  relationship  between  la-benzenesuljjhonyl-o-amino- 
benzylamine  (11)  and  benzenesulphonyl-1  : 8-naphthylenediamine  (1) 
is  indicated  by  the  following  formulse : 
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H.,C 


2^\ 


II. 

The  two  bases  behave  similarly  when  their  hydrochlorides  are  treated 
with  nitrous  acid  ;  they  both  yield  soluble  diazonium  salts  which  do  not 
undergo  condensation  in  the  presence  of  excess  of  the  mineral  acid, 
and  in  each  case  the  addition  of  excess  of  sodium  acetate  to  the  acid 
solution  determines  the  formation  of  a  diazoimide,  but  whereas  the 
peri-diazoimide  (HI)  is  yellow,  the  new  (a-henzenesulphonyl-o- 
henzylenediazovmide  (IV)  is  colourless, 

C^Hs'SO^-N— N,  C6H5-S02-N— ^2 


-  \ 

IV. 

In  other  respects  the  two  compounds  are  similar,  both  undergo 
fission  on  treatment  with  cold  concentrated  hydrochloric  acid,  regener- 
ating the  original  diazonium  chlorides.  In  spite  of  its  lack  of  colour, 
there  seems  no  reason  to  doubt  that  the  new  mixed  diazoimide  is  a 
diazo-compound  and  not  a  diazonium  derivative,  and  accordingly  it 
may  be  represented  by  the  more  expanded  formula  V,  this  view  of  its 
constitution  agreeing  with  the  configuration  ascribed  to  the  analogous 
colourless  /3-phenylphenylenedihydrotriazine  (VI)  obtained  by  M. 
Busch  from  o-aminobenzylaniline  (5er.,  1892,  25,  448). 


-N-SOo-CH,  /    Y  ^N-aH, 


2   ^6*^-^5  I  I  I     ^6' 


V.  YI. 

In  the  case  of  (a-benzenesulphonyl  m.-aininohe7izylamine  (VII),  it  was  found 
that  the  tendency  to  form  a  diazo  anhydride  had  greatly  diminished. 
The  diazonium  chloride  of  this  base  is  not  appreciably  affected  by 
excess  of  aqueous  sodium  acetate,  but  when  the  solution  is  treated 
with  excess  of  potassium  hydrogen  carbonate  a  pale  yellow  precipitate 
slowly  separates.  The  yield  of  this  compound  is,  however,  somewhat 
small,  representing  only  about  10  per  cent,  of  the  diamine  employed. 
The  remainder  of  the  diazo-compound  remained  uncondensed,  and  was 
recognised  by  combining  it  with  /S-naphthol  in  alkaline  solution.  This 
formation  of  diazo-anhydride,  wliich  is  therefore  very  incomplete, 
differs  markedly  from  the  reaction  taking  place  with  w-benzene- 
sulphonyl-o-aminobenzylamine,  where  the  condensation  is  quantitative. 
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to-Benzenesulphonyl-^-aminohenzylamine  (VIII),  when  subjected  to 
the  action  of  nitrous  acid  under  similar  conditions,  furnishes  a 
diazonium  chloride,  which  does  not  undergo  condensation  on  treatment 
with  aqueous  sodium  acetate  or  potassium  hydrogen  carbonate,  the 
solution,  after  the  addition  of  these  reagents,  still  yielding  the 
calculated  amount  of  azo-/?-naphthol  derivative. 


^NH^ 


i-NH, 

VII.       '  '    VIIT. 

In  the  two  cases  where  condensation  had  occurred,  the  reaction  was 
shown  to  depend  on  the  presence  of  the  hydrogen  atom  of  the  benzene- 
sulphonylamino-group  (NH'SOo'CgHg),  for  when  this  was  replaced  by 
methyl,  no  formation  of  insoluble  diazoimide  took  place  : 

/^CH,-]^(CH3)-S02-C,H5  /^CH2-N(CH3)-S02-C6H5 

/  Vnh,  {  \ 

-NH„ 


'-2 

IX.  X. 

ta-Benzenesulphonyl-oi-methyl-o-aminohenzylcwiine  (IX)  and  its  meta- 
isomeride  (X)  are  both  readily  diazotised  to  soluble  diazonium  chlorides, 
which  are  not  affected  by  aqueous  alkali  acetates  or  bicarbonates  and 
yield  insoluble,  red  azo-^-naphthol  derivatives. 

E  X  P  E  R  I  M  E  N  T  A  L.* 

The  three  phthalylnitrobenzylimides, 

CeH,<^^>K-CH2-C,H,-N02, 

required  in  this  research  were  obtained  by  condensing  potassium 
phthalimide  with  o-,  m-,  and  ^;-nitrobenzyl  chlorides  in  the  manner 
indicated  by  Gabriel  {Ber.,  1887,  20,  2227).  The  hydrolysis  of  the 
three  substituted  imides  was  most  effectively  carried  out  by  Wolff's 
method  {Ber.,  1892,  25,  30.31),  in  which  an  intimafe  mixture  of  the 
imide  with  concentrated  acetic  and  hydrochloric  acids  is  heated  under 
pressure  at  180'^  for  three  to  five  hours.  Equal  parts  by  weight  of  the 
two  acids  were  employed,  and  about  seven  parts  of  this  mixture  were 
used  for  three  parts  of  the  imide.  In  this  way,  the  hydrochlorides 
of  the  three  nitrobenzylamines  were  obtained  and  converted  into  their 
benzenesulphonyl  derivatives  by  the  Schotten-Baumann  reaction.  The 
main  product  of  the  reaction  consists  of  the  mono-benzenesulphonyl 

*  The  authors'  thanks  are  due  to  Mr.  A.  E.  Dawe  for  much  vahiable  assistance  in 
the  preliminary  experiments  of  this  investigation. 
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dei'ivative,  providing  that  only  a  slight  excess  of  benzenesulphonic 
chloride  is  employed  ;  with  larger  proportions  of  this  reagent,  a  certain 
amount  of  the  disulphonyl  compound  is  formed.  The  crude  benzene- 
sulphonyl  derivatives  were  dissolv^ed  in  aqueous  caustic  alkalis, 
reprecipitated  with  dilute  acetic  acid,  and  recrystallised  from  alcohol 
or  benzene. 

Benzenesulphonyl-o-nitrohenzylamine,  NOg'C^H^-CEIg'NH'SO^'C^Hrj, 
separated  from  benzene  in  well-defined,  hard,  amber-yellow,  prismatic 
crystals  melting  at  92°. 

0-3568  gave  30  c.c.  nitrogen  at  18°  and  755  mm.     ^  =  965. 
OjgHjgO^lSrgS  requires  N  =  9"58  per  cent. 

Benzenesulj^honyl-m-nilrohenzijlamine  crystallised  readily  from 
benzene  in  colourless  needles  or  pale  yellow  prisms  and  melted 
at  123—124°. 

0-3627  gave  32-7  c.c.  nitrogen  at  19°  and  768  mm.     N  =  10-28. 
0-1855     „     01554  BaSO^.     S=ll-50. 

Cj3H^2^4]Sr2S  requires  N  =  9-58;  8  =  10-97  per  cent. 

Benzenesuljyhonyl-^-nitrohenzylamine  crystallised  from  benzene  in 
lustrous,  light  orange  leaflets  melting  at  118°. 

0-2284  gave  19-4  c.c.  nitrogen  at  23°  and  759  mm.     N  =  9-57. 

Reduction  of  the  B  e  u  z  e  n  e  s  u  I  p  h  o  n  y  I  n  i  t  r  o  b  e  n  z  y  I  a  mi  n  e  s. 

The  foregoing  benzenesulphonylnitrobenzylamines  were  readily 
reduced  by  iron  filings  and  dilute  acetic  acid. 

wBenzenesulphonylo-aminobenzylamine  (II), 

NHo-CgH^-CHo-NH-SOa-C^Hg, 
was  obtained  by  reducing  5  grams  of  the  corresponding  nitro-compound 
with  10  grams  of  iron,  5  c.c.  of  glacial  acetic  acid,  and  100  c.c.  of  hot 
water.  After  boiling  for  one  hour,  the  mixture  was  rendered  alkaline 
with  5  grams  of  sodium  carbonate  and  filtered,  when  a  small  portion 
of  the  diamine  separated  from  the  aqueous  solution  as  a  white  powder; 
the  greater  part  was  extracted  by  alcohol  from  the  residue  and  crystal- 
lised from  dilute  alcohol  in  well-defined,  colourless,  elongated  plates 
melting  at  108—110°. 

0-2462  gave  23-0  c.c.  nitrogen  at  20°  and  767  mm.     N  =  10-76. 
CjgHj^OgNgS  requires  N=  10-68  per  cent. 

This  substance  crystallises  from  benzene  in  colourless  plates  melting 
at  95°  and  containing  solvent  of  crystallisation. 

0-1964  gave  14-1  c.c.  nitrogen  at  18°  and  758:mm.     N  =  8-27. 
CjgHj^OgNgSjCgHg  requires  N  =  8-23  per  cent. 
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This  specimen,  when  crystallised  from  dilute  alcohol,  lost  its  benzene 
and  separated  in  lustrous,  colourless  leaflets  having  the  composition 
CjgH^^OoNgS  and  melting  at  109°, 

(ji-Benzenesulphonyl-xn-aminohGnzylamine  (VII)  was  prepared  by 
treating  4  grams  of  the  nitro-compound  with  8  grams  of  iron,  4  c.c.  of 
glacial  acetic  acid,  and  150  c.c.  of  water.  After  boiling  for  thirty 
hiinutes,  4  grams  of  sodium  carbonate  were  added,  the  mixture  was 
then  filtered,  the  residue  extracted  with  alcohol,  the  combined  filtrates 
evaporated  nearly  to  dryness,  and  the  final  residue  dissolved  in  50  per 
cent,  acetic  acid,  from  which  solution  the  diamine  was  deposited 
as  a  pale  yellow  solid  (m.  p.  85 — 87°)  on  the  addition  of  ammonia. 
When  crystallised  either  from  benzene  or  very  dilute  alcohol,  this 
base  separated  in  yellow,  tabular  crystals  having  a  resinous  appear- 
ance, which  contained  solvent  of  crystallisation  and  melted  at  76 — 78°. 
When  kept  in  a  desiccator  over  sulphuric  acid  or  when  heated  in  the 
steam-oven,  these  crystals  lost  their  combined  solvent  and  also  their 
lustre,  becoming  appreciably  viscous ;  finally,  they  hardened  again 
and  then  melted  indefinitely  at  80 — 85°. 

0-3198  gave  29-3  c.c.  nitrogen  at  19-5°  and  766  mm.     N  =  10"59. 
C^^Hj^OgN^^S  requires  N  =  10  68  per  cent. 

oi-Benzenesul2yhonyl-Tp-a7mnoberizyla7mne  (VIII)  was  obtained  when 
4  grams  of  nitro-compound,  8  grams  of  iron  filings,  4  c.c.  of  glacial  acetic 
acid,  and  100  c.c.  of  water  were  boiled  for  forty  minutes,  the  remainder 
of  the  preparation  being  carried  out  as  in  the  case  of  the  ortho-isomeride. 
The  base,  when  crystallised  from  benzene,  separated  in  colourless 
needles  melting  at  131—133°. 

0-1180  gave  IM  c.c.  nitrogen  at  19°  and  768  mm.     N  =  10-93. 
0-1808     „     0-1671  BaSO^.     S  =  12-68. 

C13H14O2N2S  requires  N=  10-68  ;  S  =  12-21  per  cent. 

Action    of    jVi  tr  ous    Acid    on    the    oj-Ben  zenes  ulphony  l- 
aminobenzylamint  s. 

pTT 

Denzenesulphonyl-0-benzylenediazoimide,     CgH^^-j^.^/N'SOg'CgHj. 

One  gram  of  w-benzenesulphonyl-o-aminobenzylamine  was  diazot'sed 
with  9  c.c.  of  concentrated  hydrochloric  acid  and  2  c.c.  of  20  per  cent, 
aqueous  sodium  nitrite  ;  3  grams  of  ice  were  added  during  the  process 
and  the  mixture  was  cooled  externally  with  ice  and  salt.  A  colourless 
solution  of  diazonium  chloride  was  obtained,  which  remained  perfectly 
clear  on  dilution  and  yielded  the  colourless  diazoimide  on  the  addition 
of  excess  of  aqueous  sodium  acetate.  The  precipitate  consisted  of 
minute,     colourless    leaflets ;    the    filtrate    gave    no    coloration    with 
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alkaline   /3  naphthol,   showing    that   the   condensation    was   complete. 
This  diazoimide  decomposed  violently  at  about  130°. 

0-2650  gave  0-5569  CO,,  and  0-1070  H2O.     0  =  57-31  ;  H  =  4-49. 
0-2509     „     33-7  c.c.  nitrogen  at  19-5°  and  767  mm.     N  =  15-56. 
0-2370     „     0-2090  BaSO^.     S  =  12-ll. 
CjgHi^OgNgS    requires    0  =  57-10;    H  =  403;    N  =  15-38;    8  =  11-72 

per  cent. 

The  diazoimide  when  treated  in  the  cold  with  a  mixture  of  concen- 
trated hydrochloric  and  acetic  acids  dissolved,  leaving  only  a  slight 
viscid,  brown  residue ;  the  solution,  when  diluted  considerably  and 
poured  into  alkaline  yS-naphthol,  yielded  at  once  a  light  red,  granular 
precipitate  of  benzenesulphonyl-w-aminotoluene-^-azo-fi-napJithol^ 

OH^-NH-SO^-O.Hg 

/\-N,-0,oH,-OH     ' 


which,  when  crystallised  from  benzene,  separated  as  a  bright  scarlet, 
microcrystalline  powder  melting  at  161  — 163°. 

0-1860  gave  160  c.c.  nitrogen  at  20°  and  769  mm.     N  =  9  96. 
CjgHjgOgNgS  roquircs  N  =  10-07  per  cent. 

This  azo-derivative  was  also  prepared  directly  from  the  diazonium 
chloride  of  oj-benzenesulphonyl-o-aminobenzylamine. 

Benzenesulphonyl-va-henzylenecUazoimide. 

a)-Benzenesulphonyl-?ji-aminobenzylamine  was  diazotised  in  hydro- 
chloric acid  solution  according  to  the  method  adopted  in  the  case  of 
the  ortho-base.  The  pale  yellow  solution  thus  obtained,  which  con- 
tained only  a  slight  brown  turbidity,  was  diluted  considerably,  filtered, 
and  treated  with  excess  of  aqueous  sodium  acetate.  The  solution  then 
became  slightly  turbid,  but  no  further  change  occurred  until  excess  of 
potassium  hydrogen  carbonate  was  added,  when  an  amorphous,  pale 
yellow  precipitate  slowly  separated,  and  was  collected  after  three 
hours,  washed  successively  with  water,  alcohol,  and  light  petroleum, 
and  finally  dried  in  the  desiccator ;  4  grams  of  the  meta-base  yielded 
0-6  gram  of  the  diazoimide.  The  compound  could  not  be  obtained 
crystalline,  as  it  decomposed  on  warming  with  solvents. 

0-2192  gave  0-4538  CO2  and  00838  H2O.     0  =  56-46  ;  H  =  4-25. 
0-1144     „     14-2  c.c.  nitrogen  at  20°  and  764  mm.     N=  14-29. 
01131     „     0  0979  BaSOj.     8=11-88. 
C13HHO2N38  requires  0  =  57*14;  H  =  4-03;  N  =  15-38j  8=11-72  per 

cent. 
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These  data  indicate  that  the  substance  has  the  composition  of  a 
diazoimide.  It  is  insoluble  in  aqueous  alkalis  or  acids,  and  is  de- 
composed by  the  concenti'ated  mineral  acids  (30  per  cent,  HCl  or  50 
per  cent.  HoSO^)  even  in  the  cold,  evolving  two-thirds  of  its  nitrogen, 
and  leaving  a  dark  brown,  resinous  product.  When  this  experiment 
was  performed  in  the  volumeter  with  cold  sulphuric  acid,  9*5  per  cent, 
of  nitrogen  was  eliminated,  the  calculated  value  for 

namely,  two-thirds  of  the  total  amount,  being  10  "24.  This  compound 
differs  so  much  from  the  well-defined,  crystalline  ortho-diazoimide 
(p.  1162),  and  also  from  the  aromatic  para-diazoimides,  that  it  is 
by  no  means  certain  that  it  has  the  foregoing  simple  configuration. 
Its  reactions   would  be   equally  well  indicated  by  the  more  complex 

formula  CgH4<j^.j|,j^^'  ^^^,^«  j^s)  ^  ^^qR^,  in  which  the  con- 
densation is  assumed  to  occur  between  two  molecules  of  the  diazonium 
base.  The  hydrogen  of  the  acylamino-group,  NH'SOo'C^jHr,,  is 
certainly  involved  in  the  condensation,  for  when  it  is  replaced  by 
methyl,  no  diazo-anhydride  is  produced  (compare  p.  1166). 

BenzenesulphoriT/l-oi-aminotoluene-S-azo-^-naphthol, 
CHa-NH-SOg-CgHs 

■N2-C,oHe-OH 

The  filtrate  from  the  preceding  condensation  product,  when  poui-ed 
into  alkaline  /3-naphthol  containing  a  moderate  excess  of  caustic  alkali, 
immediately  gave  a  scarlet  precipitate  of  the  azo-derivative,  the 
amount  of  which  showed  that  the  greater  portion  of  the  diazonium 
chloride  had  not  undergone  condensation  or  any  other  radical  change. 
The  compound,  when  recrystallised  from  benzene,  separated  in  small, 
red,  flattened  needles  melting  at  170 — 172°. 

0-1130  gave  10-2  c.c.  nitrogen  at  17°  and  764  mm.     N  =  10-62. 
Cggll^gOgNgS  requires  N  =  10-09  per  cent. 

Benzenesuljihonyl-iii-aminotolueneA-azo-li-naphthol, 
CHg-NH-SO./CgH, 


N2-CioH,;OH 


w-Benzenesulphonyl-p-aminobenzylamine,    when    diazotised    like  its 
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isomerides,  gave  rise  to  a  soluble  diazonium  chloride,  the  solution  of 
which,  when  diluted  and  treated  successively  with  sodium  acetate  and 
potassium  hydrogen  carbonate,  yielded  no  insoluble  condensation  pro- 
duct and,  on  mixing  with  alkaline  )8-naphthol,  furnished  sufficient  of 
the  azo-)8-naphthol  derivative  to  show  that  the  diazo-compound  had 
not  been  affected  by  the  acetate  or  bicarbonate.  The  azo-derivative 
was  quite  insoluble  in  water  and  crystallised  from  glacial  acetic  acid, 
benzene,  or  alcohol,  separating  from  the  last  of  these  solvents  in 
orange-red  needles  or  prismatic  crystals ;  its  solutions  in  the  other 
media  deposited  minute,  felted  needles. 

0-2034  gave  182  c.c.  nitrogen  at  19-5°  and  765  mm.     N  =  10-34. 
Cogllj.PglSrgS  requires  N=  10-09  per  cent. 

This  compound,  which  melts  at  188^,  varies  considerably  in  colour 
and  crystalline  form,  sometimes  separating  from  its  solvents  in  dai'k 
red  prisms.  The  three  foregoing  azo-derivatives  all  develop  intense 
purple  colorations  with  cold  concentrated  sulphuric  acid ;  they  dis- 
solve in  a  moderate  excess  of  caustic  alkali  to  form  sparingly  soluble 
alkali  salts  which  are  precipitated  by  a  large  excess  of  the  alkali. 
The  ortho-  and  para-salts  are-  readily  hydrolysed  by  water,  regenerat- 
ing the  free  azo-/3-naphthol ;  the  meta-derivative  is  dissociated  much 
less  readily. 


Preparation    of   <a-J5enzenesulphonyl-(a-methijl-o-   and 
va.-aminohenzy  I  amines. 

Benzenesulphonylmethyl-o-nitrohenzylamine, 

N"Oo-CVH^-CH2-N(CH3)-SO,-C^H., 
was  prepared  by  heating  together  in  alcoholic  solution  benzene- 
sulphonyl-o-nitrobenzylamine  (1  mol.),  potassium  hydroxide  (1  mol.), 
and  methyl  iodide  (1-5  mols.).  During  two  and  a  half  hours,  no  ap- 
preciable change  occurred,  but  subsequently  the  contents  of  the  flask 
became  nearly  solid.  The  alcohol  was  removed  by  evaporation,  the 
solid  product  extracted  with  dilute  aqueous  caustic  soda,  and  the 
residue,  which  consisted  of  almost  colourless  needles,  crystallised  with 
extreme  readiness  from  either  benzene  or  alcohol.  The  methylated 
nitro-coniponiid  was  thus  obtained  in  colourless,  lustrous  needles 
melting  at  110 — 141°.     The  yield  was  practically  quantitative. 

0-2572  gave  20-6  c.c.  nitrogen  at  23°  and  762  mm.     N  =  9-06. 
CJ4HJ4O4N2S  requires  ]Sr  =  9-15  per  cent. 

Benzenesulphonylmethyl-m-niirohenzylamine  was  obtained  in  quantita- 
tive yield  by  heating  benzenesulphonyl-7?i-nitrobenzylamine  in  nlcoholic 
solution  with  the  calculated  amounts  of  caustic  potash  and  methyl  iodide. 
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After  boiling  the  solution  for  six  hours  in  a  reflux  apparatus,  the  liquid 
was  cooled,  when  the  whole  became  nearly  solid  owing  to  the  separation 
of  almost  colourless  needles  of  the  methylated  product ;  this  compound 
when  recrystallised  from  dilute  alcohol  separated  in  fern-like  aggre- 
gates of  colourless,  transparent  plates  melting  at  128°. 

0-1959  gave  15-5  c.c.  nitrogen  at  22°  and  769  mm.     N"  =  9-07. 
Cj^Hj^04N2S  requires  N  =  9"15  per  cent. 

m-BenzenesulpJionyl-dj-methyl-o-aminohenzylamine  (IX), 
NH2-C6H,-CH2-N(CH3)-S02-C6H,, 
was  prepared  by  reducing  2  grams  of  nitro-base  with  4  grams  of  iron, 
2  c.c.  of  glacial  acetic  acid,  and  50  c.c.  of  hot  water.  After  boiling  for 
thirty-five  minutes  and  neutralising  with  sodium  carbonate,  the  reduc- 
tion was  quite  complete,  the  insoluble  residue  on  extraction  with  alcohol 
yielding  an  almost  theoretical  amount  of  the  diamine.  The  base  is 
very  soluble  in  alcohol,  although  dissolving  only  sparingly  in  hot 
water ;  it  crystallises  best  from  dilute  alcohol,  separating  from  this 
solvent  in  colourless,  nacreous  leaflets  or  transparent  plates  melting  at 
108—110°.      ■ 

0-2594  gave  23-0  c.c.  nitrogen  at  21°  and  771  mm.     N=  10-24, 
0-2596     „     0-2320  BaS04.     S  =  12-27. 

Ci^HjgOgNgS  requires  N  =  10-14  ;  S=  11-60  per  cent. 

ia-Benze7iesulpJionyl-u)-viethyl-vci-aminohenzylamine  (X),  when  obtained 
from  the  corresponding  nitro-compound  by  the  method  described  for  its 
ortho-isomeride,  crystallised  from  both  aqueous  and  alcoholic  extracts  in 
colourless,  glistening  leaflets,  the  yield  being  practically  quantitative. 
It  is  much  less  soluble  in  alcohol  than  the  unmethylated  base,  and 
separates  from  this  solvent  in  lustrous,  lath-like  crystals  melting  at 
128 — 129°.  This  melting  point  is  practically  identical  with  that  of  the 
nitro  compound,  but  a  mixture  of  the  two  substances  melts  at  110°. 

0-1413  gave  12-8  c.c.  nitrogen  at  22°  and  769  mm.     N  =  10-37. 
0-2342     „     0-2114  BaSO^.     8=1239. 

Ci^HjgO^NgS  requires  N  =  10-14  ;  S  =  11-60  per  cent. 

Diazotisation  of  the  oi-Benzenesulphonyl-ia-methylaminohenzylamines. 
—The  two  foregoing  co-benzenesulphonyl-w-methylaminobenzylamines 
behave  similarly  when  treated  with  excess  of  cold  concentx*ated  hydro- 
chloric acid  and  sodium  nitrite,  colourless  solutions  of  soluble  diazo- 
nium  chlorides  being  obtained  in  both  cases.  These  solutions  are  quite 
stable  on  dilution,  and  furnish  no  precipitate  on  successive  treatment 
with  sodium  acetate  and  potassium  hydrogen  carbonate,  but  on  pouring 
into  alkaline  /3-naphthol  solution  the  azo-derivatives  are  at  once  pro- 
duced as  orange-red  precipitates. 
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BenzenesulphonylmetIiyl-w-aminotoluene-2-azo-fi-nap/tt/iol, 
,CH2-N(CH3)-SO,-C,H5 


This  azo-derivative  crystallises  well  from  benzene  in  scarlet  lamellte 
melting  at  188—189°. 

0-2128  gave  18-7  c.c.  nitrogen  at  21°  and  772  mm.     ]Sr  =  10-11. 
C24H21O3N3S  requires  l!T  =  9-74  per  cent. 

Benzenesul2)honylmethyl-to-aminotoluene-Z-azo-P-na2)hthol, 

CH.-N(CH3)-S02-C,H5 


This  substance,  which  separates  from  alkaline  solutions  as  a  some- 
what viscid,  orange-red  precipitate,  crystallises  readily  from  benzene  in 
transparent,  brownish-red,  massive  plates  containing  benzene  of  crystal- 
lisation ;  the  solvent  is  expelled  at  100°  and  the  residue  melts  very 
indefinitely  at  150—160°. 

0-6395  lost  0-0983  in  the  steam  oven.     CgH,;=  15-37. 
0-3322  gave  23-7  c.c.  nitrogen  at  20°  and  769  mm.     N  =  8-26. 
C24H2i03N3S,C6Hg  requires  CVHg=  15-32  ;  N  =  8-25  per  cent. 

The  two  foregoing  azo-derivatives  develop  intense  crimson  colorations 
■with  cold  concentrated  sulphuric  acid. 

The  authors  desire  to  express  their  thanks  to  the  Government 
Grant  Committee  of  the  Royal  Society  for  a  grant  which  has  partly 
defrayed  the  expenses  of  this  investigation. 

Royal  College  of  Science,  London, 
South  Kensington,  S.W. 


CXVI. — TJia  Mohility  of  Suhstitueyits  in  Derivatives  of 

fi-Naphtliol. 

By  John  Theodore  Hewitt  and  Heubeut  Victor  Mitchell. 

When  y3-naphthol  is  subjected  to  the  action  of  substituting  agents,  the 
hydrogen  atom  in  position  1  is  very  readily  replaced  ;  the  entrant 
group,  if  a  halogen  atom,  is,  however,  also  capable  of  easy  displacement, 
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so  that  by  dissolving  a  halogen-substituted  /?-naphthol  in  alkali  and 
treating  with  the  solution  of  a  diazonium  salt,  halogen  is  eliminated 
and  an  azo-derivative  of  ^-naphthol  is  precipitated.  As  will  be  seen 
in  the  sequel,  this  is  appai'ently  only  a  special  case  of  mobility  of 
a-substituents  when  introduced  into  the  /S-naphthol  molecule. 

A  short  explanation  of  the  reasons  which  led  to  the  trial  of  the 
reaction  between  substituted  ^-naphthols  and  diazonium  salts  is 
necessary.  In  cases  where  a  phenol  is  converted  into  a  hydroxyazo- 
compound,  the  entering  azo-group  occupies  a  position  ortho  or  para  to 
the  hydroxyl  of  the  phenol  or  naphthol  employed.  It  occupies  those 
positions,  in  fact,  with  respect  to  which  a  quinonoid  structure  is 
possible,  or  which  would  be  occupied  by  nitro-groups  if  treatment  with 
nitric  acid  had  been  resorted  to.  Thus,  phenol  and  nitric  acid  give 
successively  a  mixture  of  ortho-  and  ^«ra-mono-nitro-derivatives  and 
then  2  :  4-di-nitrophenol ;  whilst  with  a  diazonium  salt  a  mixture  of  o- 
and  ^>hydi-oxyazobenzenes  (Bamberger,  Ber.,  1900,  33,  1950,  3188^ 
3192)  and  phenol-2  :  i-disazobenzenfe  are  successively  obtained  (Griess, 
Ber.,  1876,  9,  628).  When  /3-naphthol  is  nitrated,  1  : 6-dinitro-2- 
naphthol  is  always  produced  to  a  certain  extent  (Wichelhaus,  Ber.,  1870, 
3,  846),  and  a  quinonoid  structure  between  the  2-  and  6-positions  is  quite 
conceivable  ;  in  fact,  it  might  perhaps  be  possible  to  oxidise  2  :  6- 
dihydroxynaphthalene  to  a  new  2  :  6-naphthoquinone, 

O 

o 

Bearing  this  in  mind,  we  thought  it  worth  while  to  act  on  an 
alkaline  solution  of  a  l-substituted-2-naphthol  with  the  solution  of  a 
diazonium  salt,  and  chose  l-bromo-2-naphthol  and  diazotised  j>>nitro- 
aniline  with  which  to  carry  out  the  experiment  :  the  former  on 
account  of  the  ease  with  which  it  may  be  obtained,  the  latter  on 
account  of  its  stability  and  the  well-defined  physical  properties  which 
ai-e  usually  associated  with  azo-derivatives  obtained  from  it.  We 
expected  that  coupling,  if  it  occurred,  would  be  slow,  but  that  the 
resulting  compound  would  possess  the  structure 

N02-C6H4-N2-CioH5(OH)Br  (N2  :  OH  :  Br  =  6  :  2  :  1). 

To  our  surprise,  coupling  was  very  rapid ;  but  the  substance  pro- 
duced, when  purified,  was  found  to  be  free  from  halogen  and  to  exhibit 
all  the  properties  of  /j-nitrobenzeneazo-yS-naphthol.  During  the  pro- 
gress of  this  investigation,  a  paper  appeared  describing  the  preparation 
and  properties  of  l-methyl-2-naphthol  {Ber.,  1906,  39,  435),  it  being 
demonstrated  by  K.  Fries  and  E.  Hiibner  that  this  substance  will  not 
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react  with  diazouium  salts  in  alkaline  solution.  The  alkyl  group  is 
evidently  more  fii'mly  attached  to  the  naphthalene  nucleus  than  are 
halogen  atoms,  but  that  other  groups  besides  halogens  may  be  displaced 
from  the  a-position  is  rendered  evident  by  the  formation  of  1  :  6-dinitro- 
|8-naphthol  when  benzeneazo-^-naphthol  is  warmed  with  dilute  nitric 
acid  (Hewitt  and  Auld,  Trans.,  1902,  81,  1203),  a  similar  result  having 
been  previously  obtained  by  Zincke  and  Rathgen,  who  employed  con- 
centrated nitric  acid  {Ber.,  1886,  19,  2181).  It  is  therefoi-e  quite 
probable  that  the  conversion  of  nitroso-/3-naphthol  into  mono-  and 
di-nitronaphthols  by  the  action  of  nitric  acid  is  to  be  regarded  as 
a  substitution  of  the  nitroso-  by  the  nitro-group  rather  than  as  a 
direct  oxidation. 

Amongst  other  replacements  of  a-substituents,  the  following  cases 
may  be  mentioned  :  the  conversion  of  benzeneazo-;8-naphthyl-ethyl 
ether  into  the  ethyl  ether  of  1  :  6-dinitro-;8-naphthol  (Meldola  and 
Morgan,  Trans.,  1889,  55,  608),  and  the  replacement  of  bromine  by 
chlorine  when  awa-bromohydroxyquinolines  are  heated  under  pressure 
with  hydrogen  chloride  (Howitz  and  Barlocher,  Ber.,  1905,  38,  887, 
and  Howitz  and  Witte,  ibid.,  1260).  The  last  result  is  of  interest  in 
that  it  shows  that  the  mobility  of  the  a-substituent  seems  to  depend 
not  so  much  on  the  character  of  the  molecule  chemically,  but  rather  on 
its  shape. 

Experimental. 

(1)    Preparation   of   p-JYitrobenzeneazo-fS-naphthol  from    \-Bromo-2- 

naplitliol. 

Finely-powdered /»-nitroaniline  (13-8  grams)  was  stirred  with  30  c.c. 
of  fuming  hydrochloric  acid,  cooled  with  ice,  and  diazotised  by  the 
gradual  addition  of  7 '2  grams  of  sodium  nitrite,  dissolved  in  the 
minimal  quantity  of  water.  The  resulting  diazonium  solution  was 
decanted  into  an  ice-cold  solution  of  l-bromo-2-naphthol  (22-3  grams)  in 
dilute  caustic  soda,  containing  excess  of  crystallised  sodium  acetate. 
Immediate  coupling  occurred,  a  brown  product  being  precipitated. 
After  filtration,  the  washed  and  dried  azo-compound  was  crystallised 
first  from  glacial  acetic  acid  and  subsequently  from  toluene. 

It  then  consisted  of  small,  dark  red  crystals  with  a  metallic-green 
reflex,  obviously  suggestive  of  ordinary  ^;-nitrobenzeneazo-^-naphthol. 
It  melted  at  216°  (uncoir.),  a  qualitative  test  for  lialog(ui  gave  a 
negative  result,  and  the  following  numbers  were  obtained  on 
is  : 


0-1467  gave  00507  H^O  and  0-3520  CO2.     C  =  65-l;  H  =  3-8. 
Cj^Hj^OgNg  requires  C  =  65*5  ;  H  =  3-8  per  cent. 

These  results  plainly  indicated  that  the  arylazo-grou})  liad  displaced 
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the  bromine  atom,  and  the  fact  that  this  substance  did  not  depress 
the  melting  point  of  a  specimen  of  /)-nitrobenzeneazo-j8-naphthol, 
obtained  from  pure  j8-naphthol,  establishes  this  quite  conclusively. 

In  the  experiment  above  described,  p-nitroaniline  had  been  chosen 
for  diazotisation  solely  because  a  more  convenient  product  was 
expected  than  would  probably  have  been  the  case  with  aniline  itself, 
the  presence  of  a  nitro-group  in  such  compounds  often  materially 
enhancing  their  crystallising  power. 

Under  the  circumstances,  however,  we  now  felt  compelled  to  estab- 
lish the  generality  of  this  reaction  by  iising 

(a)  Other  diazotised  amines. 

(b)  Other  haloid  naphthols. 

The  following  experiments  were  therefore  made  : 

(2)  Preparation     of     o-Nitrohenzeneazo-fi-naj)JuJiol    from     1-Bromo- 

2-na2)JitJiol. 

o-Nitroaniline  was  diazotised  and  added  to  an  alkaline  solution  of 
l-bromo-2-naphthol  in  a  manner  exactly  analogous  to  that  already 
described  in  the  case  of  the  ;(jrtr«-isomeride. 

Again  coupling  occurred  immediately,  just  as  if  ^-naphthol  itself 
had  been  employed.  The  product,  after  two  crystallisations  from 
boiling  glacial  acetic  acid,  formed  small,  red  needles  and  melted  at 
203°  (uncorr.).  This  melting  point  agrees  with  that  assigned  by 
Meldola  and  Hughes  (Trans.,  1891,  59,  374)  to  o-nitrobenzeneazo-/3- 
naphthol,  and  when  mixed  with  a  pure  specimen  of  this  compound, 
obtained  from  /3-naphthol  in  the  normal  manner,  no  melting  point 
depression  was  observed.  The  substance  contained  no  halogen  and 
gave  the  following  results  on  analysis  : 

0-1199  gave  0-2863  COg  and  0-0439  H^O.     C  =  65-l  ;  H-4-0. 
C^jjH^^OgNg  requii'es  C  =  65-5  ;  H  =  3-8  per  cent. 

(3)  Preparation  of  ra-Nitrolenzeneazo-^-naphthol  from  \-BromO'% 

naphthol. 

Diazotised  ??i-nitroaniline  instantly  coupled  with  bromonaphthol  in 
quite  the  same  way,  but  in  this  case  the  purification  of  the  product 
was  a  slightly  more  troublesome  matter.  However,  after  several 
recrystallisations  from  boiling  glacial  acetic  acid,  the  substance  was 
obtained  as  glistening,  red  crystals  melting  at  186°  (uncorr.). 

It  contained  no  halogen,  and  gave  the  following  figures  on  analysis : 

0-1096  gave  0-2626  COg  and  0-0392  HgO.     C  =  65-3  ;  H  =  3-9. 
CjgHj^OgNg  requires  C  =  65-5  ;  H  =  3*8  per  cent. 
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This  compound,  also,  liad  been  previously  prepared  b}^  Meldola 
(Trans.,  1884,  45,  668),  and  from  i«  nitrophenyldiazonium  chloride 
and  yS-naphthol  we  obtained  a  product  melting  at  192°  (Meldola  gives 
194°).  This  specimen  suffered  no  melting-point  depression  by  ad- 
mixture with  the  specimen  obtained  from  the  bromo-/?-naphthol. 

(4)  Attempted  Preparation  of  Benzeneazo-^-naphthol    from   l-Bro7no-'2- 

naphthol. 

Diazotised  aniline  was  added  to  an  alkaline  solution  of  bromo- 
naphthol  as  usual.  A  brown  product  separated  immediately,  and  was 
separated  and  dried.  All  attempts  to  obtain  this  substance  in  a 
crystalline  condition  were  unsuccessful.  At  this  we  were  not  alto- 
gether surprised,  benzeneazo-/?-naphthol  not  possessing  vexy  strongly 
marked  crystallising  properties,  even  when  in  a  fairly  pure  condition. 

We  therefore  nitrated  the  crude  product  in  strong  sulphuric  acid 
solution,  one  of  the  authors,  in  conjunction  with  S.  J.  M.  Auld  (Trans., 
1902,  81,  1202),  having  shown  that  the  main  product  obtained  by 
nitrating  benzeneazo-yS-naphthol  under  these  conditions  is  the  highly 
crystalline  ;)-nitro-derivative. 

The  crude  nitrocompound  was  dried  and  twice  recrystallised  from 
pyridine,  the  red,  crystalline  powder  obtained  in  this  way  being  washed 
with  absolute  alcohol,  in  which  it  was  insoluble.  Under  the  micro- 
scope it  was  seen  closel}^  to  resemble  /^nitrobenzeneazo-y3-naphthol ;  it 
contained  no  halogen,  and  did  not  depress  the  melting  point  of  a  pure 
specimen  of  that  substance.  We  therefore  conclude  that  diazotised 
aniline  reacted  with  bromonaphthol  as  in  the  other  cases,  the  /(-nitro- 
compound being  isolated  in  accordance  with  the  following  scheme  : 


/~\ 

/~\ 

/ 

~\ 

\_/ 

\_/ 

\- 

_/ 

/     \Br    ~ 

^    <(     )>-N2-CeH, 

\_ 

\.N2-C,H,.N02. 

OH 

OH 

OH 

Several  more  experiments  were  made  in  a  more  qualitative  manner, 
in  order  to  demonstrate  the  perfectly  general  nature  of  the  reaction ; 
bromo-)8-naphthol  was  found  to  react  immediately  with  all  the  diazo- 
tised amines  we  employed,  which  included  o-,  vi-,  and  jo-toluidines, 
;7-phenetidine,  2  : 4-dinitroaniline,  /3-naphthylamine,  o-  and  jw-amino- 
benzoic  acids,  ^-naphthylamino-G-  and  -8-sulphonic  acids. 

(o)  Preparation  of  \> Xilrohen r.eneazo-ji-naphthol  from  \-Io'lo-'l-naphthol. 

A  pure  specimen   of    l-ioilo-2-naj)hthol  was  prepared   b}'  Meldola'.s 

method  (Trans.,  1885,  47,  525),  the  purity  being  controlled  by  a 
melting-point  determination  and  by  analysis. 

VOL.    LXXXIX.  4   H 
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On  coupling  this  substance  with  diazotised  jo-nitroaniline  and  re- 
crystalHsing  the  product  from  pyridine,  red  needles  were  obtained, 
melting  at  247°  (uncorr.).  This  specimen  did  not  depress  the  melting 
point  of  pure  ;?-nitrobenzeneazo-j8-naphthol,  contained  no  halogen,  and 
gave  the  following  analytical  results  : 

0-1977  gave  0-4772  COg  and  0-0722  HgO.     C  =  65-8 ;  H  =  4-1. 
CigHj^OgNg  requires  C  =  65-5  ;  H  =  3-8  per  cent. 

(6)  Preparation  of  ^-Niirohenzeneazo-fi-naphthol  frovi  \-Chloro-2-naphthol. 

A  pure  specimen  of  l-chloro-2-naphthol  was  obtained  by  chlorinating 
/8-naphthol  in  chloroform  solution  and  thrice  recrystallising  the  product 
from  light  petroleum. 

This  was  dissolved  in  alkali  and  treated  with  a  ^j-nitrophenyl- 
diazonium  solution,  just  as  in  the  other  cases.  Coupling  occurred 
as  in  the  previous  experiments,  the  product  after  crystallisation  from 
pyridine  again  proving  to  be  the  p-nitro-derivative  of  ordinaiy  benzene- 
azo-/3-naphthol. 

As  a  final  precaution,  all  four  specimens  of  this  substance,  obtained 
respectively  from  («)  ^-naphthol,  (b)  l-chloro-2-naphthol,  (c)  1-bromo- 
2-naphthol,  {d)  l-iodo-2-naphthol,  were  ground  to  a  paste  with 
acetone,  the  acetone  evapox-ated,  and  the  melting  point  of  the  mixture 
taken.     No  depression  was  observed. 

Action  of  Nitric  Acid  on  Nitroso-^-naphthol. 

l-Nitro-2-naphthol  is  obtained  by  the  "oxidation"  of  nitroso-;8- 
naphthol  with  nitric  acid.  We  have  tried  the  reaction  between  these 
substances  under  very  varying  conditions,  and  have  noticed  the  pro- 
duction of  dinitronaphthol  in  all  cases  when  the  temperature  has  been 
allowed  to  rise  to  about  40°  or  50°.  The  •  yield  was  never  satisfactory  : 
in  one  case  we  obtained  2-3  grams  of  crude  1  :  6-dinitro-)8-naphthol 
from  10  grams  of  the  zinc  salt  of  nitroso-^-naphthol  and  40  c.c.  of 
nitric  acid  of  sp.  gr.  1-5.  This  specimen,  which  had  been  isolated  by 
the  decomposition  of  its  potassium  salt  with  hydrochloric  acid,  melted 
at  174°;  after  recrystallisation  from  ethyl  acetate,  the  melting  point 
rose  to  190°  (uncorr.)  and  the  substance  then  gave  the  following 
results  on  analysis  : 

0-1118  gave  0-2119  CO.^  and  0-0291  H.O.     C  =  51-7;  H  =  2-9. 
CjoHgO-Ng  requires  C  =  51  -3  ;  H  =  2-6  per  cent. 

The  rate  at  which  oxides  of  nitrogen  are  expelled  from  the  reacting 
mass  when  nitroso-/3-naphthol  is  added  to  concentrated  nitric  acid 
leads  us  to  the  belief  that  we  have  to  deal  here  with  the   rapid   dis- 
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placement  of  a  nitroso-group  by  a  nitro-group  rather  than  with  an 
oxidation,  which  from  analogy  might  be  expected  to  proceed  more 
slowly. 

Note. — During  the  course  of  this  work  we  had  occasion  to  jjrepare 
bromo-^-naphthyl  acetate,  a  substance  which  has  been  described  as  a 
liquid  by  Canzoneri  (Gazzetta,  1882,  12,  431).  We  find  that  the 
substance,  like  the  corresponding  chloro-^-naphthyl  acetate  (Zincke 
and  Kegel,  Ber.,  1888,  21,  3285),  is  a  crystalline  solid.  Bromo- 
naphthol  was  warmed  for  a  whole  day  on  the  water-bath  with  its  own 
weight  of  acetic  anhydride ;  the  melt  on  pouring  into  water  did  not 
solidify  for  thi'ee  weeks,  when  it  set  to  a  highly  crystalline  mass.  On 
solution  in  alcohol  and  evaporation,  no  crystals  were  deposited  for 
about  a  fortnight,  when  large  prisms  made  their  appearance.  When 
one  is  in  possession  of  some  of  the  solid  substance,  no  difficulty  is 
experienced  in  recrystallising  a  new  preparation,  since  its  alcoholic 
solution  may  be  sown  with  a  fragment  of  the  solid.  The  substance 
melts  at  56°  and  is  soluble  in  the  usual  organic  solvents,  including 
light  petroleum. 

0-1718  gave  0-3419  CO^  and  0-0530  H.p.     C  =  54-3  ;  H  =  3-4. 
0-4589     „     0-3249  AgBr.     Br  =  30-1. 

C^gHgOoBr  requires  C  =  54-3  ;  H  =  3-4  ;  Br  =  30-2  per  cent. 

Ea.st  Londox  Colt-eoe. 


OXVII. — A  Possible  Source  of  Error  in  Stas'  Nitrogen 

Ratios. 

By  Robert  Whytlaw  Gray, 

In  discussing  the  atomic  weight  of  nitrogen,  the  International 
Committee  on  Atomic  Weights  in  their  Report  for  1906  contrast  the 
value  obtained  for  this  element  by  Rayleigh,  Leduc,  D.  Berthelot, 
Guye,  and  myself  with  the  value  determined  by  Stas  and  other 
chemists.  They  state  that  there  is  much  evidence  in  favour  of  both 
values,  and  they  suggest  that  should  Guye's  conclusions  respecting  the 
atomic  weight  of  silver  prove  correct,  the  new  number  for  this  element 
would  bring  the  higher  results  fur  nitrogen  in  agreement  with  the 
lower. 

It  appears  to  the  author  of  this  paper,  after  a  careful  study  of  nuich 
experimental  evidence,  that  this  point  is  capable  of  an  alternative 
explanation, and  that  tlu;  bulk  of  the  data  can  be  siiown  to  support  the 

4   H    2 
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lower  value  for  nitrogen  without  requiring  the  assumption  of  a  lower 
value  for  silver.  To  set  forth  this  view  is  the  object  of  this  com- 
munication. 

To  summai'ise  the  evidence  for  the  lower  constant  for  the  element 
discussed,  we  have  : 

I    Physical  values : 

Eatios.  Atomic  weight. 

Rayleigh,  Leduc,  and  D.  Berthelot,  N., :  O2 14  -007 

Eecalculated  in  a  different  manner  by  Guye,  Ng :  Og 

and  N.,:  CO 14-009 

Guye,  N,0:C02 14-007 

R.  W.   Gray   (including    new    unpublished   NO :  O., 

determinations)    1 4-009 

II.*  Chemical  values  : 

Ratios.  Atomic  weight. 

Guye  NgOiO,  N, :  0,  N^O  :  N  14-010 

R.W.Gray   NO  :  O,  K  :  0,  NO  :  N  14-010 

The  chemical  values  are  supported  by  evidence  from  another  source. 

Marignac  {CEuvres  completes,  vol.  I,  p.  89). 

Atomic  weight. 
From  the  ratio  AgiAgNOg,  if  Ag=  107-93    14-010 

Scott  (Trans.,  1901,  79,  147,  and  Proc,  1905,  21,  309). 

I.  From  the  ratio  Ag  :  NH4CI  14-013 

II.         „         „         AgrNH^Br 14-010 

When  Ag  =  107-93;  CI  =  35-473;  Br  =  79-955;  H  =  1-0076. 

Richards  and  Archibald '(Z«?'f.  anorg.  Chem  ,  1904,  34,  353). 
Taking  K  =  39-122,  found  by  Archibald   {Trans.  Boy.  Soc.  Canada, 

1904,  sect,  iii,  47),  CI  =  35-473;  Ag=  107-93. 

Atomi  •.  weight. 

I.  From  the  ratio  NgO.  :  K,0    14-017 

II.  From  a  preliminary  value  determined  from 
Na,C03 :  2NaN03  ('^ee  Proc.  Am.  Phil.  Soc, 
1904,43,116)     '. 14-02 

Hence  for  a  mean  chemical  value,  we  have  : 

Marignac 14-010 

Scott 14-011 

Richards  14-017 

Guye     14-010 

R.  W.  Gray 14-010 


Mean     14-012 
*  For  references,  see  paper  already  published  (Trans.,  1905,  87,  1601). 


ERROR   IN   STAS'    NITROGEN   RATIOS.  1175 

and    this    number   approximates  closely  to  the  mean   result  deduced 
from  physical  measurements,  namely,  14 "008. 

From  these  two  means,  one  deduces  a  final  value 

N=  14-010, 

based  on  the  data  of  no  less  than  seven  independent  investigators. 

Now  if  this  value  be  accepted  as  correct,  one  is  confronted  with  the 
difficulty  of  discovering  the  source  of  error  in  Stas'  researches  which 
led  to  an  inaccurate  result  for  this  atomic  weight. 

Accoi'ding  to  Guye  {loc.  cil.),  it  is  questionable  whether  the  indi- 
vidual links  in  Stas'  chain  of  ratios  are  known  with  sufficient  exactness 
to  estimate  correctly  the  second  place  of  decimals  in  the  atomic  weight 
of  nitrogen.  On  the  other  hand,  Stas'  different  values  for  this  constant 
show  a  remarkable  concordance. 

Admitting  that  the  ratios  have  been  measured  with  the  requisite 
degree  of  accuracy,  there  are  three  ways  in  which  this  error  may  have 
originated. 

{a)  Stas'  atomic  weight  of  silver  may  be  incorrect.  That  is  to  say, 
the  ratio  Ag  :  O,  depending  solely  on  the  analysis  of  a  few  oxy halogen 
salts,  may  be  at  fault.  An  error  in  this  link  of  the  chain  would  mean 
that  Stas'  nitrogen  values  referred  through  silver  to  oxygen  are 
expressed  in  terms  of  a  different  standard  to  those  of  Guye,  which  are 
referred  directly  to  oxygen. 

(h)  It  is  possible  that  the  standards  are  exactly  commensurable,  but 
the  error  lies  in  one  or  more  of  the  chemical  ratios  which  connect  silver 
with  nitrogen. 

(c)  The  total  error  may  be  due  to  an  error  in  the  atomic  weight 
of  silver  combined  with  one  or  more  errors  in  the  other  ratios. 

From  the  point  of  \'iew  of  (a),  a  discussion  of  the  atomic  weight  of 
silver  by  Guye  in  the  paper  already  quoted  is  of  great  interest.  This 
constant  was  recalculated  from  a  number  of  ratios  involving  nitrogen 
taken  from  the  experiments  of  Penny,  Marignac,  Stas,  and  others. 
The  value  for  nitrogen  was  taken  to  be  14-009.  Further  calculations 
were  made  of  the  atomic  weight  of  silver  from  analyses  of  its  organic 
salts,  using  the  determinations  of  Liebig  and  Redtenbacher  and  other 
workers.  The  two  sets  of  numbers  deduced  agreed  with  each  other, 
and  the  mean  atomic  weight  of  silver  was  found  to  be  107*885.  From 
this  result,  Guye  concluded  that  Stas'  Ag  :  O  ratio  is  eiToneous.  This 
conclusion,  however,  accx)unts  only  imperfectly  for  Sttis'  nitrogen 
values. 

Consider  the  following  ratios  taken  from  the  latest  detenuinations 
of  Stas. 
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Ag  =  107-93.  Ag  =  107-8S5. 

(1)  Ag:AgCl  =100:132-850 01  =  35-455  35-440 

(2)  Ag:NaCl  =100:    54-205 Na  =  23-048  23-039 

(3)  Ag:KCl    =100:    69-119 K  =  39-145  39-129 

(4)  Ag:NaBr  =  100:    95-438  Br  =  79-958  79-924 

If  these  atomic  weights  reduced  to  the  standard  Ag=  107-885  (last 
column)  are  used  to  calculate  the  atomic  weight  of  nitrogen  in  the 
other  Stas  determinations,  \Ye  obtain  : 


Ag=107-93. 

Ag=107-885 

(5)  Ag:AgN03      =100 

157-495 

N=  14-054 

14-039 

(G)  NaCl:NaNO3=100 

145-468 

N  =  14-055 

14-029 

(7)  KCl:IvN03     =100 

135-642 

N  =  14-044 

14-018 

(8)  AgiNH^Cl      =100 

49-599 

N  =  14-047 

14-041 

(9)  Ag:NH^Br      =100 

90-830 

Mean 

N  =  14-045 

14-029 

14-049 

14-031 

*  H  =  1-0076. 

It  is  hence  apparent  that  the  assumption  of  a  lower  atomic  value 
for  silver  does  not  entirely  explain  the  discrepancy. 

Possibility  (b)  must  therefore  be  considered. 

Kecent  researches  have  shown  that  Stas'  results  for  chlorine  and 
sodium  are  probably  slightly  incorrect,  and  the  question  arises  :  can  the 
high  atomic  weight  of  nitrogen  be  due  to  this  cause  ? 

The  revised  atomic  weights  of  sodium  and  chlorine  and  the  resulting 
value  for  potassium  can  be  deduced  from  the  following  ratios  : 


(10)  Richards  and  Wells 

{loc.cit.) Ag:AgCl      =100 

(Ag:NaCl      =100 
^^^'  i  AgCl:NaCl  =  100 

/I  IX    1     t,-i    1^  //         -,  \    I'  Ag  :  KCl       =  100 
(1-2)  Archibald  (/oc.  ct<.)    ^^qj  .  kcI    =100 


Ag=107-93. 

132-867         01  =  35-473 
54-185 


40-780 
69-114 
52-025 


Na  =  23-008 
K  =  39-122 


If  one  assumes  the  correctness  of  8tas'  value  for  bromine  expressed 
in  the  same  standard,  namely,  79-955,  a  number  confirmed  recently  by 
G.  P.  Baxter  {J.  Amer.  Chem.  Soc,  1905,  28,  No.  7),  the  following 
numbers  result  when  the  i-evised  values  for  01,  K,  and  Na  are  used  tp 
calculate  Stas'  nitrogen. 

(6)  NaOhNaNOg......  N=14-041 

(7)  K01:KN03 N  =  14-060 

(8)  AgtNH^Ol N=  14-029 

(9)  Ag:NH4Br N  =  14-047 

Mean         14-044 
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It  is  hence  manifest  that  errors  in  the  ratios  Ag  :  AgCl  and 
Ag  :  NaCl  also  fail  to  explain  the  results  for  nitrogen. 

There  still  remains  possibility  (c),  namely,  that  the  new  atomic 
weight  for  chlorine,  sodium,  and  potassium,  when  reduced  to  the 
standard  Ag  =  107-88.j  and  applied  to  the  foregoing  ratios  (G),  (7),  (8), 
and  (0),  may  yield  a  solution  of  the  pi'oblem. 

The  new  atomic  weights  reduced  to  Ag  =  107"885  are  : 

01  =  35-459,  Na  =  22-996,  K  =  39-1 10,  Br  =  79-92], 

and  hence  the  results  : 

(6)  NaCliNaNOg N  =  14-037 

(7)KC1:KN"03 N=14-037 

(8)  AgrNH^Cl N=14-021 

(9)  Ag:NH4Br N  =  14-041 

Mean         14-034 

Hence  the  difficulty  is  explained  bv  none  of  these  three  possibilities, 
(a),  (h),  or  (c). 

Is  it  likely,  then,  that  the  atomic  weight  of  silver  can  lie  below 
107-885  ?  From  Guye's  calculations,  this  does  not  seem  probable.  An 
examination  of  the  question  in  the  light  of  the  latest  measurements 
tends  leather  to  a  higher  value  for  this  constant. 

Consider  the  ratio  of  Stas'  Ag  :  AgNOg=  100  :  157-495.  In  order  to 
find  N=  14-009,  one  must  postulate  Ag=  107-85. 

On  this  assumption,  the  atomic  weight  of  chlorine  would  become  : 

Atomic  weight. 

From  the  ratios  of  Stas 35*429 

,,       ,,        ,,      „  Richards  and  Wells   35*447 

Now  even  the  higher  of  these  two  values  is  in  all  probability  dis- 
tinctly too  low,  for  Dixon  and  Edgar  (Fhil.  Trans.,  1905,  A,  205, 
169)  have  measured  directly  the  ratio  H  :  CI,  and  by  combining  this 
result  with  the  ratio  O :  H,  fixed  with  great  exactness  by  many 
researches,  they  have  obtained 

0:  CI  =  16 -.35-463. 

This  value  is  confirmed  by  Scott's  Ag :  NH^Cl  ratio  {loc.  cit.),  for  if 
one  assumes  N  =  14-009,  one  obtains,  when  Ag=  107-93, 

CI  =  35-467. 

The  experiments  of  Leduc  on  the  physical  constants  of  hydrochloric 
acid  gas  (/Iwn.  Chim.  Phys  ,  1S98,  [vii],  15,  l)also  confirm  this  value. 
He  found 

01  =  35-470, 
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and  a  recalculation  of  his  data  by  Guye  gave  {Bull.  Soc.  chiin.,  1905, 
[iii],  33,  44) 

CI  =  35-475. 

It  has  hence  been  shown  that  the  lowest  possible  value  for  the 
atomic  weight  of  silver  does  not  bring  the  results  of  Stas  and  Guye  for 
nitrogen  in  accordance.  Neither  is  the  difficulty  explained  by  the 
errors  discovered  by  Richards  and  Wells  in  Stas'  atomic  weights  of 
sodium,  chlorine,  and  potassium,  whilst  a  combination  of  the  suggested 
silver  standard  with  the  new  values  for  these  three  elements  yields  no 
better  solution  of  the  problem. 

The  error  then  must  lie  in  the  Stas  ratios  linking  nitrogen  with 
other  elements.     They  are  : 

Ag  :  NH^Cl,  Ag  :  NH.Br,  Ag  :  AgNOg,  NaCl :  NaNO,,  KCl :  KNO,. 

Of  these  equivalent  numbers,  the  two  first  are  probably  erroneous 
when  considered  in  the  light  of  the  same  ratios  remeasured  by  Scott 
{loc.  cit.). 

This  investigator  found  Ag  :  NH4C1=  100  :  49-584,  Ag:NH^Br  = 
100  :  90-795  ;  whilst  Stas  obtained  100  :  49-599,  100  :  90-830. 

What,  then,  is  the  explanation  of  the  larger  amounts  of  ammonium 
chloride  and  ammonium  bromide  found  by  Stas  to  unite  with  100  parts 
of  silver  1 

A  clue  to  the  solution  of  this  problem  can  be  found  in  the  work  of 
Richards  and  Wells  {loc.  cit.). 

Comparing  the  ratios 

Richards  and  Wells.  Stas. 

Ag:  NaCl  =100:  54-185  100:54-205 

one  notices  that  the  difference  in  the  numbers  for  sodium  chloride  is  of 
the  same  order  as  the  difference  between  Scott  and  Stas'  numbers  for 
the  foregoing  ratios. 

A  minute  investigation  of  this  difference  convinced  Richards  and 
Wells  that  the  error  in  Stas'  work  was  due  : 

(1)  To  the  occlusion  of  some  sodium  chloride  by  the  precipitated 
silver  chloride. 

(2)  To  a  too  early  reading  of  the  opalescence  in  the  last  stages  of  a 
titration  which  led  to  an  erroneous  end-point. 

(3)  To  the  presence  of  traces  of  platinum  in  the  sodium  chloride. 

It  was  found  experimentally  that  the  quantity  of  sodium  chloride 
occluded  or  absorbed  by  the  silver  chloride  in  an  experiment  can-ied 
out  in  the  same  manner  precisely  as  Stas  used  in  his  later  determina- 
tions was  0-015  per  cent,  of  the  weight  of  sodium  chloride  taken.  The 
opalescence  error  was  estimated  for  sodium  chloride  to  be  about  five- 
sevenths  of  this,  namely,  0-011  per  cent.,  and  the  error  due  to  platinum 
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of  about  the  same  magnitude,  namely,  0-015  per  cent.  Bearin-;-  in 
mind  that  Stas  determined  several  of  his  other  ratios  in  precisely  the 
same  way  as  the  Ag  :  NaCl  ratio,  namely,  Ag  :  NH^Cl,  Ag  :  NH^Br, 
Ag  :  NaBr,  Ag  :  KBr,  and  Ag  :  KCl,  it  is  possible  to  calculate  an 
approximate  correction  and  apply  it  to  these  numbers.  This  correc- 
tion can  only  be  regai'ded  as  a  rough  approximation,  for  experiments 
may  show  that  the  occlusion  and  opalescence  errors  are  by  no  means, 
of  the  same  order  of  magnitude  for  other  reactions  as  for  that  between 
silver  nitrate  and  sodium  chloride.  The  presence  of  platinum  in  the 
other  salts  is  even  less  certain. 

It  must  be  remembered,  however,  that  a  large  error  in  the  correc- 
tion only  slightly  affects  the  resulting  atomic  weight. 

Bearing  these  reservations  in  mind,  we  have  : 

For  Stas'  ratio  Ag  :  NH^Cl  =   100  :  49-599. 

n    1     •  0-015x49-6  nnn-i 

Ucclusion  error  000(4 

100 

Platinum  error    0-0074 

Opalescence  error  1  -0074  x  i 0-0053 

A.  Total  error 0-0201 

B.  Or  total  error  omitting   platinum   correction  ...    .      0-0127 

Hence  Stas'  ratio  becomes  : 

Ag  =  107-93.     01  =  35-473. 

A.  Ag:NH4Cl  =  100:  49-579.     N  =  14-007. 

B.  „     „        =100:49-586.     N  =  14-015. 

The  mean  of  these  values  is  ver}'  near  Scott's  i-atio  already  quoted. 

For  Stas'  ratio  Ag  :  NH^Br=  100  :  90-830,  the  errors  are  : 

^    ,     .  0-015x90-8  ^^T, 

vJcclusion  error 0014 

100 

Opalescence  error  0-014  x  i 0010 

Platinum   '. 0014 

and  the  ratio  becomes 

Ag=107-93;  Br  =  79 -95;"). 
Corrected  A.  Ag  :  NH^Br  =  100  :  90-792.      N  =  14-006. 
B.        „     „        =100:90-802.      N  =  14-017. 
Hence  mean  corrected  atomic^ 
weight  of    nitroiren    deducefl      becomes  14-011. 


from  Stas'  measurements 


J 


From    the    other    ratios    one    obtains,   by    correcting    in    the     same 
mannei-  : 
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B.      „     „  Na  =  23-024  j 


A.  Ag:KCl.  K  =  39-0971 

B.  „     „  K  =  39-114 

A.  Ag:KBr.  K  =  39-092 

B.  „     „  K  =  39-110j 


Mean  39-103. 


It  is  hence  apparent  that  the  number  for  sodium  approximates 
closely  to  Richards  and  Wells'  value,  namely,  Na  =  23-008.  The  value 
for  potassium  agrees  well  with  that  deduced  from  Stas'  ratio, 
KCIO3  :  KC1  =  100  :  60-843  when  CI  =  35-473,  namely,  K  =  39-110. 
On  the  other  hand,  this  atomic  weight  is  distinctly  lower  than  the 
value  recently  found  by  Archibald  [loc.  cit.),  namelj^  :  K  =  39-122 
when  01=35-473.  The  latter  number  for  potassium  agrees  with  the 
mean  value  resulting  from  the  above  tabulated  equivalents  of  Stas 
when  uncorrected  if  the  same  number  for  chlorine  be  used.  Hence 
the  question  may  be  asked  :  are  the  errors  then  discovered  by  Richards 
and  Wells  for  the  Ag  :  NaCl  ratio  non-existent  in  the  ratio  Ag  :  KCl  1 
It  is  also  noteworthy  that  Penny's  researches  led  to  an  atomic  weight 
for  potassium  lying  below  39-10. 

If  the  foregoing  deductions  really  explain  8tas'  error  in  the  atomic 
weight  of  nitiogen  for  the  equivalent  numbers  considered,  and  from 
the  measurements  of  Scott  it  seems  probable  that  they  do,  there 
lemain  only  three  more  ratios  to  be  considered,  namely  : 


Ag  :  AgNOg,     NaCl  :  NaNOg,     KCl :  KNO3. 

For  the  first  of  the  three  Stas  found  : 

Ag  =  107-93 

Earlier  results  (salt  fused)  Ag  :  AgNOg  =  100  :  157-472.           N  = 
Later         „       (salt  dried)     „          „        =100:157-495.          N  = 
But  Marignac  found               „          „        =100:157-455.          N  = 
And  Penny*                            „          „        =100:157-441.           N  = 

14-029 
=  14-054 
-14-011 
=  14-000 

Hence  it  may  be  questioned  whether  Stas'  numbers  ai-e  as  exact  as 
he  claimed. 

Putting  this  ratio  aside  as  not  above  suspicion,  the  two  remaining 
series  of  determinations  must  be  considered. 

Na  =  23008.  Cl  =  35-473.     K  =  :39122. 

Stas     found    KCl :  KNOg- 100  :  135-642.  N  =  14-060 

Penny     „  „  =100:135-636.  N  =  14-056 

Stas         „     NaCl  :NaNO,=  100: 145-468.  N  =  14-041 

Penny     „  „  "=100:145-410.  N  =  14029 

*  Fhil.  Trans.,  1839,  129,  i,  32. 
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Although  tlie  potassium  equivalents  of  Stas  and  Penny  agree  per- 
fectly, the  sodium  i-atios  exhibit  a  marked  divergence.  8till  the  re- 
sulting values  for  nitrogen  approximate  to  the  higher  number.  For 
these  results  no  explanation  can  be  offered.  No  likely  variation  of 
the  atomic  weights  involved  can  account  for  the  discrepancy. 

Did  the  halide  salts  contain  an  impurity  which  was  converted  into 
a  higher  state  of  oxidation  on  treatment  with  nitric  acid  ?  Did  the 
nitrates  weighed  contain  traces  of  occluded  water  1  Many  possibilities 
of  this  kind  suggest  themselves.  As  is  well  known,  Stas  consistently 
obtained  lower  results  for  his  niti'ate  ratios  when  the  nitrate  was  fused 
before  weighing.  It  seems  probable  that  future  measurements  will 
reveal  an  error  of  this  nature  in  these  equivalent  numbers,  but  in  the 
absence  of  more  data  it  is  unwise  to  speculate. 

To  sum  up  :  there  is  much  evidence  to  show  that  the  results  of 
Stas  for  the  atomic  weight  of  nitrogen  are  erroneous. 

His  different  ratios  interpreted  in  the  light  of  modern  researches  do 
not  yield  consistent  values  for  this  element. 

An  examination  of  his  experiments  leads  to  the  conclusion  that  the 
source  of  error  lies  in  the  equivalent  numbers  connecting  nitrogen  with 
other  elements. 

Of  the  ratios  considered,  Ag  :  NH^Cl  and  Ag  :  NH^Br  admit  of  an 
approximate  correction,  and  the  validity  of  this  correction  is  confirmed 
by  the  close  agreament  of  the  results  with  those  of  Scott  for  the  same 
ratios. 

The  correctness  of  Stas'  Ag  :  AgNOg  numbers  is  questioned,  for  it  is 
not  in  accordance  with  the  results  of  Marignac  and  of  Penny. 

The  values  obtained  for  NaCl :  NaNOg  and  for  KCl  :  KNO3  are 
concluded  to  be  infected  with  an  error  of  which  account  cannot  be 
taken. 

The  only  confirmations  of  the  higher  ^■alue  for  nitrogen  found  by 
Stas  are  : 

(1)  The  experiments  of  Penny  already  quoted. 

(2)  The  value  obtained  by  Richards  and  Archibald  for  the  ratio, 

N205:Cs.,0=  100:  260-693. 
If  Cs  =  132-879;  N  =  14037." 

And  this  is  not  in  agreement  with  their  result  deduced  from  NgO-  :  KJ) 
by  the  same  method,  namely,  N  =  14-017  if  K  =39-122. 

(3)  The  number  obtained  by  Dean  (Trans.,  1900,  77,  117)  from  tlic 
ratio  AgCN  :  Ag,  N=  14-031. 

It  is  therefore  concluded  that  the  higlier  value  for  this  constant  is 
supported  by  \ery  little  evidence.  The  correctness  of  the  lower  value 
is  rendered  highly  probable,  not  only  by  the  agreement  obtained  between 
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the  results  of  physical  measurement  and  direct  chemical  analysis,  but 
also  by  the  results  yielded  by  several  indirect  comparisons  of  the 
atomic  weights  of  nitrogen  and  silver. 


CXVIII. — The  Decomposition  of  Nitrocellulose. 

By  Oswald  Silberrad,  Ph.D.,  and  Robert  Crosbie  Farmer, 
Ph.D.,  D.Sc. 

The  products  resulting  from  the  gradual  deterioration  of  niti'ocellulose 
on  storage  have  for  many  years  formed  the  subject  of  investigation  by 
different  workers.  Nitrous  and  nitric  acids  are  at  once  recognised, 
but  as  to  the  nature  of  the  organic  compounds  formed,  very  little  is 
known  with  certainty,  the  reactions  being  complicated  and  the  sub- 
stances difficult  to  separate. 

The  principal  investigations  on  this  subject  are  those  of  Kerckhoff 
(J.  pr.  C/tem.,  1847,  40,  284),  Maurey  (Compt.  rend.,  1849,  28,  343), 
Vohl  (Dingl.  pohjt.  Journ.,  1849,  112.  236),  Hadow  (Trans.,  1854,  7, 
201),  Bechamp  {Compt.  rend.,  1855,  41,  817;  Ann.  Chim.  Plnj^.,  1856, 
46,338;  Bull.  Soc.  chim.,  1863,  5,  289),  Hofmann  (Annalen,  1860, 
115,  283),  De  Luca  (Compt.  rend.,  1861,  53,  298;  1864,  59,  487), 
Bonet  (Campf.  rend.,  1861,  63,  405),  Divers  (Trans.,  1863,  16,  91), 
Pelouze  and  Maurey  (Compt.  rend.,  1864,  59,  363),  Blondeau  (Compt. 
rend.,  1864,  59,  963;  1865,  60, 128),  Abel  (Phil.  Trans.,  1867,  182),  Will 
(Ber.,  1891,  24,  400,  3831),  and  Haussermann  (Ber.,  1903,  36,  3956; 
1904,  37,  1624).  In  all  of  these  investigations  the  amount  of  nitro- 
cellulose taken  was  relatively  small,  and  it  was  considered  advisable  in 
the  present  work  to  employ  a  much  larger  quantity  in  order  to  render 
possible  the  isolation  of  products  which  occur  only  to  a  small  extent. 

The  compounds  identified  were  as  follows :  ethyl  nitrate,  ethyl 
nitrite,  ethyl  alcohol,  nitric  and  nitrous  acids,  ammonia,  formic,  acetic, 
butyric,  dihydroxybutyric,  oxalic,  tartaric,  isosacchaidnic,  and  hydroxy- 
pyruvic  acids.  Carbohydrates  were  found  to  be  present  by  the  fer- 
mentation test,  and  certain  other  compon^^ri'-  were  obtained,  but  could 
not  be  identified  by  reason  of  the  complexity  of  the  mixture  and  their 
minute  quantity.  "^ 

Experimental. 

A  quantity  of  800  kilograms  of  a  gelatinised  nitrocellulose  was 
stored  in  a  magazine  which  was  maintained  at  54-4°  (130°  F.)  by 
means  of  steam  pipes,  the  flow  of  steam  being  i-egulated  electrically, 
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so  that  the  temperature  did  not  deviate  more  than  1°  from  the  mean. 
Part  of  the  steam  was  blown  directly  into  the  chamber  containing  the 
powder  in  order  to  supply  enough  moisture  to  facilitate  a  hydrolysis  of 
the  nitric  ester.  After  twenty-three  weeks,  a  strongly  marked  de- 
terioration had  set  in.  In  many  instances,  the  tubular  propellant  was 
filled  with  a  crystalline  deposit  which  was  found  to  consist  of  almost 
pure  oxalic  acid. 

One  hundred  kilograms  of  the  nitrocellulose  were  taken  for  the  chemical 
investigation.  Previous  analyses  had  shown  that  the  deterioration  of 
nitrocellulose  is  accompanied  by  an  increase  in  the  amount  of  water- 
soluble  matter,  and  thus  it  appeared  that  the  best  method  of  extract- 
ing the  decomposition  products  would  be  to  treat  the  powder  with 
water.  It  was  accordingly  heated  to  80°  with  an  equal  weight  of 
water,  and  the  aqueous  solution  filtered.  The  decomposition  products 
were,  for  the  most  part,  extracted  by  the  water,  and  the  residue 
apparently  consisted  of  almost  unaltered  nitrocellulose,  as  is  shown 
by  the  following  analysis  : 

Analysis  of  Residue  after  Extraction  icith  Water. 

Insohxble  residue 
Unheated  sample      after  extraction  with 
dried  at  80°.  water  dried  at  80°. 

Per  cent.  Per  cent. 

Insoluble  in  ether-alcohol 8-05  8*35 

Soluble  in  ether-alcohol 91-58  90-35 

Insoluble  in  acetone  0-27  1"30 

Nitrogen 12-34  12-02 

Ignition  point     200°  200'^ 

For  the  separation  of  the  decomposition  products,  the  aqueous 
extract  was  first  distilled  to  a  quarter  of  its  bulk.  A  portion  of  the 
distillate  was  tested  for  nitrous  and  nitric  acids  by  the  well-known 
reactions ;  both  of  these  were  found  to  be  present  in  large  quantity. 
The  remainder  of  the  distillate  was  redistilled  with  a  fractionating 
column,  and  ethyl  nitrate  was  ultimately  isolated  in  a  state  of  purity. 
Its  identity  was  established  by  its  properties  and  saponificati<jn  pro- 
ducts, as  also  by  analysis  : 

Found,  N  =  15-6G.     C^H^OyN  requires  15-41  percent. 

The  presence  of  alcohol  in  excess  of  the  nitric  ester  was  proved  by 
the  iodoform  reaction,  and  ethyl  nitrite  was  detected  by  its  character- 
istic odour.  The  presence  of  tliese  products  is  due  to  the  ether-alcohol 
used  as  gelatinising  solvent  in  the  manufacture  of  the  powder. 

The  i-esidue  from  the  above  distillation  was  saturated  with  calcium 
eaibonate,  concentrated,  allowed  to  cool,  and  liltered.     The  senii-crjs- 
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talline  residue  was  dissolved  in  water,  freed  from  calcium  by  precipita- 
tion with  oxalic  acid,  filtered,  and  the  filtrate  saturated  with  barium 
carbonate.  The  excess  was  separated,  the  filtrate  evaporated  to  dry- 
ness, and  the  ground  residue  extracted  with  alcohol.  The  insoluble 
part  was  dissolved  in  water,  the  barium  precipitated  as  sulphate,  and 
the  filtrate  saturated  with  calcium  carbonate,  again  filtered,  and 
evaporated  to  crystallisation.  The  salt  was  further  purified  by  re- 
crystallisation  and  consisted  of  calcium  formate. 

Found,  Ca  =  30-68.     C^lIf>^Ca  requires  Ca  =  30-82  per  cent. 

The  filtrate  from  the  calcium  formate  was  further  concentrated  and 
fractionally  precipitated  with  alcohol.  The  least  soluble  fraction  was 
dissolved  in  water  and  warmed  with  mercuric  chloride.  The  mercurous 
chloride  produced  by  the  formic  acid  present  was  separated  and  the 
solution  treated  with  oxalic  acid  to  pi-ecipitate  the  calcium.  The 
filtrate  was  saturated  with  barium  carbonate,  filtered,  evaporated  to 
dryness,  and  the  dry  powder  extracted  with  alcohol.  The  i-esidue  was 
dissolved  in  water  and  the  concentrated  solution  treated  with  silver 
nitrate ;  the  precipitate  thus  obtained  was  thrown  into  boiling  water 
to  saturation,  filtered  rapidly,  and  allowed  to  cool,  when  long,  needle- 
shaped  crystals  of  silver  acetate  separated. 

Found,  Ag  =  64-82.     CgHgOgAg  requires  Ag  =  64-57  per  cent. 

The  most  soluble  of  the  fractions  obtained  on  precipitating  with 
alcohol  was  dried  and  subjected  to  prolonged  shaking  with  ice-cold 
water.  The  solution  was  filtered  and  heated  to  boiling,  when  a  copious 
precipitate  separated.  This  was  removed  from  the  hot  solution ;  the 
filtrate  was  allowed  to  cool  and  again  saturated  with  the  crude  fraction 
at  0°,  filtered,  and  heated  as  before.  The  combined  precipitates  were 
dissolved  in  water  and  treated  with  silver  nitrate.  The  precipitated 
salt  agreed  in  its  composition  and  properties  with  silver  butyrate. 

Found,  Ag  =  55-82.     C^H^OgAg  requires  Ag  =  55-35  per  cent. 

The  residual  liquid  from  the  original  distillation  was  saturated  with 
calcium  carbonate,  heated  to  boiling,  and  filtered.  A  distinct  odour  of 
ammonia  was  observed,  and  its  presence  was  further  confirmed  by  the 
Nessler  test.  The  insoluble  residue  consisted  of  calcium  oxalate  and 
tartrate,  which  were  separated  in  the  usual  manner. 

Calcium  oxalate  dried  at  210°. 
Found,  Ca  =  31-22.     C^O^Ca  requires  Ca  =  3 1  -30  per  cent. 

Calcium  tartrate. 
Found,  Ca  =  21-20.     C^H^OgCa  requires  Ca  =  21  -31  per  cent. 

The  filtrate  from  the  calcium  oxalate  and  tartrate  was  allowed  to  stand 
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for  twelve  hours  at  0°,  when  a  sparingly  soluble  mass  separated  out. 
This  was  dissolved  in  twenty-five  times  its  weight  of  water,  and  the 
calcium  precipitated  by  the  addition  of  oxalic  acid.  The  calcium 
oxalate  was  separated  and  the  filtrate  evaporated  until  only  a  gummy 
mass  remained  behind.  This  was  dissolved  in  dilute  alcohol.  The  alcohol 
was  then  very  slowly  concentrated  by  remo^dng  the  water  over  quick- 
lime in  a  vacuum.  After  some  time,  a  semi-crystalline  mass  was 
obtained,  and  this,  after  further  purification,  melted  at  92°.  It  agreed 
in  all  its  properties  with  the  lactone  of  isosaccharinic  acid  (m.  p.  95°). 

Found,  C  =  44-12;  H  =  6-32. 

CgHjoOg  requires  0  =  44*42  ;  H  =  6-22  per  cent. 

The  filtrate  from  the  calcium  isosaccharinate  was  concentrated  and 
allowed  to  stand,  but  no  crystals  were  obtained.  The  solution  was 
diluted  with  half  its  volume  of  alcohol,  whereupon  an  amorphous, 
brown  powder  separated  out.  The  filtrate  yielded  on  treatment  with 
lead  acetate  a  mixture  of  insoluble  salts  which  could  not  be  further 
separated  owing  to  its  complexity.  The  residue  from  the  alcoholic 
solution  was  washed  with  water  and  proved  to  be  the  salt  of  a  complex 
acid  whose  properties  did  not  agree  with  those  of  any  known  acid.  It 
gave  on  analysis  Ca=  12'48  per  cent. 

On  treating  the  aqueous  solution  with  phenylhydrazine  in  acetic 
acid  solution,  an  insoluble  compound  was  obtained.  This  was  dis- 
solved in  caustic  soda,  filtered,  reprecipitated  with  hydrochloric  acid, 
and  recrystallised  from  alcohol.  It  melted  at  205°  and  proved  to 
consist  of  the  osazone  of  hydroxypyruvic  acid. 

Found,  N  =  19-67.     Oj^H^^OgN^  requires  N  =  19-89  per  cent. 

The  filtrate  from  the  osazone  was  rendered  slightly  alkaline  with 
lime-water  and  shaken  with  ether  to  remove  the  excess  of  phenyl- 
hydrazine  and  various  dark-coloured  products.  The  aqueous  solution 
was  concentrated  and  precipitated  by  the  addition  of  alcohol.  The 
precipitate  was  redissolved  in  water  and  fractionally  precipitated  with 
alcohol,  the  middle  fractions  being  retained  throughout.  In  this  way 
a  puix'  salt  was  ultimately  obtained  whose  properties  agreed  with  those 
of  calcium  ^y-dihydroxybutyrate. 

The  salt,  after  being  dried  at  110°,  gave  Oa=  14-06. 
OgHj^OgOa  requires  14-41  per  cent. 

In  order  to  ascertain  whether  fermentable  carbohydrates  were 
present,  a  fresh  portion  of  the  nitrocellulose  deteriorated  by  long 
storage  was  extracted  with  water.  The  aqueous  extract  was  neutralised 
and  distilh'd  until  all  traces  of  alcohol  were  completely  removed. 
Yeast  was  then  added  to  the  residual  liquor  and  the  mixture  maintained 
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at  about  25°  and  allowed  to  ferment.  A  considerable  disengagement 
of  carbon  dioxide  occurred.  The  residual  liquid  was  distilled  and  the 
distillate  treated  with  iodine  and  alkali.  Iodoform  was  at  once  pre- 
cipitated, showing  that  a  fermentation  had  taken  place. 

Our  thanks  are  due  to  the  Director  of  Artillery  and  to  the  Explo- 
sives Committee  for  permission  to  publish  these  results. 

Chemical  Eesearch  Laboratories, 
Royal  Arsenal,  Woolwich. 


CXIX. — The  Esters  of  Triacetic  Lactone  and  Triacetic 

Acid. 

By  Foster  Sproxton,  B.Sc. 

Much  of  the  synthetic  organic  chemistry  of  recent  years  has  centred 
round  the  compounds  containing  the  group  -CO'CH.,-,  and  of  these 
probably  the  most  important  is  ethyl  acetoacetate.  This  substance  is 
the  ethyl  ester  of  the  second  member  of  what  may  be  termed  the 
polyacetic  series,  four  members  of  which  are  known,  namely, 

CHg-CC^H,  CHg-CO-CHg-COgH, 

Acetic  acid.  Diacetic  acid. 

O-CO-CHg  0-CO-CE^ 

Me-C:CH-CO       ^"       CH3-CO-CH2-C:CH-CO    ' 

S-Lactone  of  triacetic  acid.     S-Lactone  of  totracetic  acid  (dehydraeetic  acid). 

The  esters  of  the  first  two  compounds  are,  of  course,  well  known, 
whilst  methyl  dehydracetate  and  ethyl  dehydracetate  were  prepared  by 
Perkin  (Trans.,  1887,  51,  484)  and  Collie  and  Le  Sueur  (Trans.,  1894, 
Q5,  254)  respectively.  The  latter  compounds  possess  properties  not 
usually  associated  with  esters.  They  dissolve  in  water,  yielding  solu- 
tions which  give  an  acid  reaction,  and  Perkin  found  {loc.  cit.)  that  if 
solutions  of  methyl  dehydracetate  and  sodium  ethoxide  in  dry  ether 
were  mixed,  a  pink  compound  was  precipitated.  This  he  regarded  as 
the  sodium  salt  of  the  ester. 

Apart,  therefore,  from  the  intrinsic  interest  of  the  esters  of  triacetic 
lactone  and  triacetic  acid  as  members  of  an  important  series  of 
organic  compounds,  it  seemed  possible  that  a  study  of  their  reactions 
might  throw  some  light  on  the  unusual  properties  of  the  analogous 
methyl  and  ethyl  deliydracetates. 
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It  has  not,  however,  been  found  possible  to  prepare  the  ethyl  salt  of 
triacetic  lactone  in  a  pure  condition,  but  the  methyl  ester  of  the  lactone 
and  the  ethyl  ester  of  triacetic  acid  have  been  prepared  and  their  pro- 
perties examined.  It  has  been  found  that  the  esters  of  triacetic  lactone, 
like  those  of  dehydracetic  acid,  possess  an  acid  reaction  in  aqueous  solu- 
tion. This  property,  however,  in  the  case  of  both  the  tetracetic  and  tri- 
acetic lactone  derivatives,  has  been  shown  to  be  due  not  to  any  acidity  of 
the  esters  themselves,  but  to  hydrolysis  of  these  compounds  by  water. 
Perkin  (Joe.  c?'^.)  noticed  that  methyl  dehydracetate  was  instantaneously 
saponified  by  cold  potash,  but  that  it  should  be  hydrolysed  by  water 
alone  is  still  more  remarkable.  There  is,  therefore,  no  need  to  assume 
that  the  pink  compound  which  Perkin  obtained  by  the  action  of 
sodium  ethoxide  on  methyl  dehydracetate  is  the  sodium  salt  of  the  ester. 
Possibly  it  is  a  complicated  dehydration  product  similar  to  those 
strongly  coloured  compounds  known  to  be  obtained  by  the  action  of 
solid  sodium  hydroxide  and  other  compounds  on  dimethylpyrone  (Collie, 
Trans.,  1904,  85,  974).  The  esters  of  triacetic  lactone  do  not  give 
similar  coloured  compounds  with  sodium  ethoxide. 


Experimental. 

Ethyl  Triacetate,  CHg-CO-CHa-CO-CHg-COoEt. 

Three  methods  were  tried  for  the  preparation  of  this  compound, 
none  of  them  being  entirely  satisfactory,  as  only  small  yields  were 
obtained.  The  first  consisted  in  passing  dry  hydrogen  chloride  through 
a  warm  alcoholic  solution  of  triacetic  lactone  until  a  small  portion  of 
the  solution  left  no  crystalline  residue  on  evaporation.  The  whole  of 
the  solution  was  then  diluted  with  water  and  extracted  with  ether. 
After  being  dried  over  calcium  chloride,  the  ether  was  evaporated  on 
the  water-bath  and  the  residue  distilled  under  diminished  pressure.  A 
small  quantity  of  a  yellow  oil  passed  over  between  130°  and  140°  at 
20  mm.  pressure.  A  solution  of  the  oil  in  alcohol  gave  a  deep  red 
coloration  with  ferric  chloride,  and  a  sparingly  soluble  copper  salt  with 
cupric  acetate  and  a  little  ammonia. 

As  the  product  obtained  by  this  method  was  impure  and  the  yield 
small,  an  attempt  was  made  to  prepare  the  compound  by  heating  tri- 
acetic lactone  with  alcohol  in  a  sealed  tube.  The  tube  was  kept  at 
100 — 110°  until  triacetic  lactone  no  longer  crystallised  out  on  cooling. 
With  ordinary  absolute  alcohol,  considerable  decomposition  took  place, 
but  when  perfectly  pure  dry  alcohol  was  employed,  the  tube  opened 
without  pressure.  The  alcoholic  solution  was  then  fractionated  as 
before,  but  the  yield  was  still  small  and  impure. 

It  was  finally  found  best  to  prepare  the  ester  l)y  decomposing  its 
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copper  salt  by  means  of  sulphuretted  hydrogen.  The  copper  salt  (to 
be  described  afterwards)  was  suspended  in  water,  and  sulphuretted 
hydrogen  passed  through  until  all  the  copper  had  been  converted  into 
sulphide.  This  was  separated  and  the  ethyl  triacetate  extracted  with 
ether.  After  drying  the  extract  and  evaporating  the  ether,  first  on 
the  water-bath  and  finally  in  a  vacuum,  ethyl  triacetate  was  left  as  a 
slightly  yellow  oil  which  could  not  be  crystallised.  Analysis  gave : 
C  =  55-7,  H  =  7'08;  CgHjoO^  requires  C  =  55-8,  H  =  6-98  per  cent. 

The  ester  has  an  odour  somewhat  resembling  that  of  ethyl  aceto- 
acetate  and  is  soluble  in  water,  yielding  a  solution  possessing  a  neutral 
reaction.  An  alcoholic  solution  develops  a  deep  red  coloration  with 
feriic  chloride.  When  heated  alone,  the  compound  decomposes, 
pvolving  carbon  dioxide  and  alcohol,  whilst  a  yellow,  uncrystallisable 
oil  remains  which  is  soluble  in  caustic  alkalis. 

The  absoi'ption  spectrum  of  ethyl  triacetate  was  taken,  and  found 
to  possess  a  strongly  characterised  enol-keto-band  similar  to  that  given 
by  acetylacetone. 

Cojyper  Salt  of  Ethyl  Triacetate. 

Dry  ethyl  alcohol  and  triacetic  lactone,  when  heated  together  under 
pressure,  yield,  as  stated  above,  an  alcoholic  solution  of  ethyl  tri- 
acetate. When  cupric  acetate,  dissolved  in  alcohol  with  the  addition 
of  a  little  ammonia,  is  added  to  this  solution,  a  copper  salt  •  slowly 
separates  as  a  flocculent,  blue  precipitate  consisting  of  fine,  needle-shaped 
crystals.  After  filtering  and  washing  once  or  twice  with  alcohol,  the 
compound  is  obtained  in  the  pure  state.  It  dries  to  a  light  blue 
powder,  melting  and  decomposing  at  183 — 184°.  A  combustion  and 
an  estimation  of  the  copper  as  cuprous  sulphide  gave  the  following 
result  : 

C - 47-1,  H  =  5-47,  Cu  =  15-77. 

CieHgPsCu  requires  C  =  47-4,  H  =  5-40,  Cu  =  15-70  per  cent. 

Several  attempts  were  made  to  pi^epare  ethyl  tetracetate  by  heat- 
ing dehydracetic  acid  and  alcohol  in  a  sealed  tube.  It  was  found  that 
a  small  quantity  of  some  intensely  yellow  compound  was  found,  but 
not  sufficient  was  obtained  to  determine  its  properties. 

^  ,    .   ..  ,      r  rr.  .       .     .  0-C(OEt):CH 

Ethyl  Salt  of  Triacetic  Lactone,  k-nTs rir\- 

Me*  U .  U-tL         L/(J 

To  obtain  this  compound,  the  silver  salt  of  triacetic  lactone  was 
suspended  in  alcohol  and  excess  of  dry  ethyl  iodide  added.  Care  was 
taken  to  keep  all  the  materials  thoroughly  dry,  as  in  one  or  two  early 
experiments  only  triacetic   lactone  was  obtained   from   the    reaction 
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mixture.  The  reaction  was  complete  after  heating  under  a  reflux 
condenser  for  an  hour.  The  silver  iodide  was  removed  by  filtration 
and  most  of  the  alcohol  and  ethyl  iodide  distilled  off.  The  residue 
was  placed  in  a  vacuum  desiccator  over  sulphuric  acid.  A  yellow  oil 
with  a  characteristic  odour  remained,  and  after  standing  for  a  few  days 
a  solid  substance  began  to  separate.  The  mean  of  four  closely-agreeing 
analyses  of  the  product  is  given  below  : 

C  =  60-9,  H  =  6-5. 

CfiH^Pg  requires  C  =  57-l,  H  =  4-8. 
CgHjj-Og  requires  C  =  62-3,  H  =  6-5  per  cent. 

The  product  of  the  reaction  was  therefore  a  mixture  of  triacetic 
lactone  and  its  ethyl  ester,  and  it  was  not  found  possible  to  prepare 
a  pure  specimen  of  the  latter.  It  is  possible  that  even  the  slight 
acidity  of  ethyl  iodide  due  to  decomposition  may  be  sufficient  to  de- 
compose a  considerable  quantity  of  the  ester. 

The  impure  product  gave  no  coloration  with  ferric  chloride  and 
yielded  no  copper  salt.  Since  it  contained  triacetic  lactone,  its  aqueous 
solution  had  of  course  an  acid  reaction.  When  boiled  with  a  small 
amount  of  water  and  quickly  cooled,  pure  triacetic  lactone  (m.  p.  188°) 
crystallised  out,  showing  that  the  ethyl  salt  is  completely  hydrolysed 
under  these  conditions. 

Methyl  Salt  of  Triacetic  Lactone,  -^^    Jl,.p,  ' 

It  was  found  that  this  compound  could  be  easily  prepared  in  the 
pure  state  by  the  action  of  methyl  iodide  on  the  silver  salt  of  the 
lactone  suspended  in  dry  methyl  alcohol.  Here  also  great  care  must 
be  taken  to  keep  the  materials  quite  dry.  Exactly  the  same  method 
of  procedure  was  adopted  as  in  the  last  case,  and  on  evaporating 
the  alcohol  in  a  vacuum  over  sulphuric  acid  a  crystalline  substance 
remained.  This  was  recrystallised  from  dry  ether  and  melted  sharply 
at  81°.  The  crystals  consist  of  tufts  of  colourless  needles  closely  re- 
sembling triacetic  lactone. 


C  =  600,  H  =  5-76. 

CyHgOa  requires  C  =  60-0,  H  =  5-71 


per  cent. 


This  compound,  like  the  ethyl  salt,  gave  no  coloration  with  ferric 
chloride  and  formed  no  copper  salt.  Its  aqueous  solution  had  an  acid 
reaction,  and  gave  the  lactone  on  boiling. 

The  properties  of  these  two  compounds  suggested  that  the  acidity 
of  the  methyl  and  ethyl  esters  of  dehydracetic  acid  might  also  be 
due  to  hydrolysis  in  aiiueous   solution.     Specimens  of  these  two  sub- 
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stances  were  therefore  prepared,  and  it  was  found  that  on  boiling 
with  water  they  were  completely  decomposed  into  dehydracetic  acid 
and  the  alcohol.  The  former  compound  (m.  p.  108°)  crystallised  out 
on  cooling.  The  distillate  from  boiling  solutions  of  ethyl  dehydr- 
acetate  or  the  ethyl  ester  of  triacetic  lactone  was  found  to  contain 
appreciable  quantities  of  ethyl  alcohol,  which  was  recognised  by  apply- 
ing the  iodoform  test. 

In  conclusion,  I  desire  to  express  my  warmest  thanks  to  Professor 
Collie,  at  whose  suggestion  this  research  was  undertaken,  and  who  has 
given  me  every  assistance  throughout  the  course  of  the  work. 

Okganic  Labokatokv, 

UxiVERsiTY  College,  London. 


CXX. — The  Behaviour  of  the  Vapours  of  Methyl  Alcohol 
and  Acetaldehyde  tvith  Electrical  Discharges  of 
High  Frequency. 

By  Herbert  Jackson  and  Dudley  Northall-Laurie. 

Many  experiments  have  been  made  on  the  behaviour  of  various  gases 
and  vapours  under  the  influence  of  electrical  discharges,  but  so  far  as 
we  know  no  experiments  have  been  published  dealing  directly  with 
the  first  change  and  not  with  the  accumulated  changes  which  occur 
when  such  vapours  as  those  of  methyl  alcohol  and  acetaldehyde  are 
sabjected  to  the  rapid  oscillations  of  a  high  frequency  discharge. 

In  1901,  J.  N.  Collie  (Trans.,  79,  1063)  described  the  behaviour  of 
carbon  dioxide  at  low  pressures  when  submitted  to  the  electric  dis- 
charge from  an  induction  coil  and  found  that  the  gas  was  rapidly 
decomposed  to  the  extent  of  65 — 70  per  cent,  into  carbon  monoxide 
and  oxygen.  The  same  author  (Trans.,  1905,  87,  1540)  has  described 
experiments  on  the  action  of  the  silent  discharge  on  ethylene  and  on 
the  production  of  complex  polymerised  substances  as  the  result  of  this 
action. 

Qualitative  experiments  on  the  action  of  electric  discharges  on 
various  saturated  and  unsaturated  compounds  led  one  of  us  to  the 
conclusion  that  as  a  general  rule  the  former  were  broken  down  to 
simpler  molecules,  whilst  the  latter  were  converted  into  complex  poly- 
merised substances.  In  t^e  case  of  methyl  alcohol  and  acetaldehyde, 
it  was  thought  worth  while  to   study  the  reaction  quantitatively  and 
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to  use  the  high  frequency  current  for  the  source  of  oscillation,  as  it 
would  be  possible  in  this  way  to  avoid  the  effect  of  heat  to  the  greatest 
extent. 

Moreover,  by  employing  this  form  of  current,  relatively  large  volumes 
of  the  vapours  could  be  used  and  the  immediate,  not  the  accumulated, 
effect  on  them  could  be  studied. 

The  character  of  the  apparatus  used  can  be  seen  from  the  accom- 
panying illustration  : 


To    induction 
coil. 


A  is  a,  high  frequency  machine  similar  to  those  used  for  thera- 
peutical purposes,  and  consists  of  two  Leyden  jars  with  spark  gap,  the 
length  of  which  can  be  adjusted,  and  a  large  solenoid  on  a  drum  which 
can  be  revolved  and  the  length  of  wire  in  use-  adjusted  by  the  position 
of  the  side  terminal.  This  enables  the  apparatus  to  be  "  tuned  "  to 
give  the  best  i^esults  with  the  current  and  size  of  bulb  used.  One  jar 
is  connected  to  earth,  and  the  two  jars  are  connected  on  the  inside  with 
the  secondary  poles  of  a  large  induction  coil  capable  of  giving  a  spark 
of  50  cm.  in  length  in  air,  and  on  the  outside  ^with  each  end  of  the 
solenoid.  A  current  of  2  amperes  at  100  volts  was  used  in  the 
primary  coil.  It  is  worth  while  noting  in  connection  with  the  use  of 
the  apparatus  the  employment  of  a  small  vessel,  '*  a,"  containing  soda- 
lime  inside  the  spark  gap  l)ox,  which  allows  of  the  apparatus  being 
used  for  a  very  much  longer  time  than  when  this  precaution  is  not 
taken.  Otherwise  the  acids  formed  by  the  jar  spark  rapidly  accumu- 
late and  render  the  sides  of  the  glass  box  conductors. 

/?  shows  the  form  of  bull)  in  which  the  decompositions  took  place. 
It  was  about  12  cm.  in  diameter,  with  two  side  tubes  joined  in  the 
manner  shown.  The  platinum  electrode  is  shown  at  C,  and  was  made 
about  6  cm.  long  and  1*5  cm.  in  diameter,  shaped  like  a  small  nutmeg 
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grater.  The  pierced  and  roughened  surface  assisted  in  spreading  the 
discharge. 

The  bulb  was  hung  freely  inside  the  large  beaker  D,  round  the  out- 
side of  which  was  fixed  a  strip  of  tin  foil  7  cm.  wide,  connected  to 
earth.  The  action  of  the  tin  foil  caused  the  discharge  from  the  elec- 
trode C  to  spread  all  round  and  completely  fill  the  bulb  with  a  glow. 
The  purified  and  dried  liquid  required  was  contained  in  the  bulb  F. 

E  represents  the  mercury  gauge  to  indicate  the  pressure  in  the 
apparatus.  The  vacuum  pump  was  conveniently  arranged  for  the 
rapid  exhaustion  of  the  bulb  B  and  collection  of  the  gases  formed. 

Preliminary  experiments  and  a  number  of  analyses  of  the  gaseous 
products  showed  that  if  these  were  allowed  to  accumulate  by  continu- 
ing the  discharge  for  any  length  of  time  the  results  obtained  showed 
such  variety  as  to  be  of  little  value  for  interpretation.  If,  however, 
the  discharge  were  passed  for  a  few  seconds  only  comparable  results 
could  be  obtained.  The  vapours  were  under  a  pressure  of  about 
100  ram.  for  methyl  alcohol  and  180  mm.  for  acetaldehyde  and  the 
discharge  passed  for  from  one  to  ten  seconds.  The  products  were  then 
pumped  out^of  the  apparatus,  separated  from  the  vapours,  and  analysed. 
Working  in  this  way  no  solid  or  heavy  liquid  products  were  obtained, 
although  these  were  observed  if  the  discharge  were  continued  for 
a  long  time. 

Several  analyses  were  made  of  the  gaseous  products  obtained  in  this 
way,  and  it  was  found  that  the  shorter  the  time  the  current  was 
allowed  to  pass,  the  more  nearly  did  the  composition  of  the  products 
(from  methyl  alcohol)  approximate  to  cai^DOo  monoxide  and  hydrogen, 
the  volume  of  the  hydrogen  being  very  nearly  double  that  of  the 
carbon  monoxide.  By  working  with  mere  flashes  of  the  discharge  and 
pumping  out  the  products  after  each  flash,  gases  were  obtained  which, 
when  freed  from  the  vapour  of  methyl  alcohol  and  traces  of  water,  gave 
the  following  results  as  the  mean  of  several  determinations  of  the 
main  products  : 

CO.  H.  CHj.  02112.  C2H4. 

32-5  61-1  2-4  1-2  U-6 

(Percentage  by  volume.) 

We  conclude  that  the  immediate  action  on  the  vapour  of  methyl 
alcohol  of  such  oscillations  as  are  obtained  in  high  frequency  dis- 
charges is  represented  by  the  simple  change 

CH3-OH  =  CO  +  2H2. 

In  the  case  of  acetaldehyde  a  double  reaction  apparently  takes 
place.  Analyses  of  many  samples  of  the  gaseous  products  showed  the 
presence  of  methane,  carbon  monoxide,  and  acetylene  in  large  quanti- 
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ties,  together  with  a  very  little  hydrogen  and  other  hydrocai-bons. 
The  pi'oportions  of  these  gases  varied  somewhat,  but  by  working  with 
discharges  of  very  short  duration  it  was  possible  to  prove  that  the 
vapour  of  acetaldehyde  decomposed  partly  into  carbon  monoxide  and 
methane  and  partly  into  acetylene  and  water. 

The  average  composition  of  the  gas  freed  from  water  and  the  vapour 
of  aldehyde  and  obtained  with  discharges  of  short  duration  is  shown 
by  the  following  numbers  : 

CO.  CH4.  CoHo.  Hj. 

45-2  44-2  8-6  0-4 

(Percentage  by  volume.) 

The  presence  of  water  as  one  of  the  products  was  ascertained  in  each 
experiment,  but  it  was  found  difficult  to  obtain  concordant  results  for 
the  small  amounts  formed.  From  these  numbers  it  will  be  seen  that 
about  80  per  cent,  of  the  vapour  of  the  acetaldehyde  yielded  carbon 
monoxide  and  methane,  whilst  the  remainder  was  converted  into  acetyl- 
ene and  water.  The  changes  took  place  apparently  simultaneously 
and  were  the  ptimary  reactions,  whilst  the  formation  of  any  hydrogen 
and  other  hydrocarbons  was  probably  due  to  secondary  changes,  as  the 
amounts  of  these  gases  only  became  appreciable  when  the  discharge 
was  continued  for  a  minute  or  two.  A  relatively  considerable  quan- 
tity of  the  main  products  was  obtained  by  a  mere  flash  of  the  discharge. 

The  reaction  giving  rise  to  acetylene  and  water  is  apparently  a 
reversible  one,  as  when  steam  and  acetylene  were  subjected  to  the 
discharge  it  was  found  possible  by  quickly  removing  the  products  to 
detect  an  aldehyde  readily  and  to  prove  that  it  was  acetaldehyde.  An 
aldehyde  was  also  obtained  from  carbon  monoxide  and  methane 
treated  similarly,  but  the  quantity  was  small  and  there  was  cei'tainly 
some  formaldehyde  produced.  It  is  possible  that  the  greater  readiness 
of  acetylene  and  water  to  form  aldehyde  may  well  account  for  the 
observed  fact  that  the  proportion  of  acetylene  and  water  to  carbon 
monoxide  and  methane  was  greater  the  shorter  the  duration  of  tho 
discharge. 

We  conclude  therefore  that  the  immediate  action  of  high  frequency 
discharges  on  the  vapour  of  acetaldehyde  is  represented  by  the 
equations  : 

CHg-CHO  =  CO-t-CH^; 
CH3-CHO  =  C2H,  +  H20. 
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CXXI. — The  Alhjlation  of  Rhamnose. 

By  Thomas  Purdie,  F.E.S.,  and  Charles  Robert  Young,  B.Sc. 

Ix  previous  communications  on  the  alkylation  of  sugars  by  dry  silver 
oxide  and  alkyl  iodide  (Trans.,  1903,  83,  1021,  and  succeeding  papers), 
methylated  derivatives  of  glucose,  galactose,  mannose,  and  sucrose 
have  been  described.  The  present  paper  deals  with  the  products  of  the 
methylation  of  acetone-  and  methyl-rhamnosides,  namely,  dimethyl 
acetonerhamnoside  and  trimethyl  methyl rhamnoside,  and  with  the 
dimethyl  and  trimethyl  rhamnoses  obtained  from  these  compounds  by 
hydrolysis.  Anhydrous  rhamnose  being  required  for  our  work,  the 
oppoi'tunity  was  taken  of  revising  some  of  the  divergent  and  per- 
plexing observations  recorded  by  various  authors  on  the  preparation 
and  properties  of  the  dry  sugar. 

The  melting  point  (86 — 88°)  and  permanent  specific  rotation  in 
water  ([aj^'  +9"06°)  of  the  hydrated  rhamnose  used  as  the  starting 
point  of  our  preparations  agreed  closely  with  the  values  recorded  by 
Tanret  {Bull.  Soc.  chim.,  1896,  15,  195),  namely,  87—88°  and +  9-1° 
The  varying  vahies  given  by  Tanret,  Fischer,  and  others  for  the 
melting  point  and  rotatory  power  of  anhydrous  rhamnose  (see 
Lippmann's  Cheriiie  der  Zuckerarten)  are  explicable  on  the  theory  now 
accepted  by  Tanret  himself  {Bull.  Soc.  chim.,  1905,  [iii],  33,  337),  and 
by  other  workers  in  this  field,  that  the  reducing  sugars  are  capable  of 
existing  in  two  isodynamic  forms,  the  a-  and  ^-forms  of  Lowry 
(Trans.,  1899,  75,  213),  which,  when  brought  into  the  liquid  state, 
undergo  interconversion  until  an  equilibrium  is  reached.  The  common 
crystalline  rhamnose  is  stable  at  the  ordinary  temperature  ;  on  the 
analogy  of  glucose  and  for  reasons  given  later,  it  is  to  be  reg^'ded  as 
the  hydrated  a-form.  It  is  Isevorotatory  in  a  freshly-made  aqueous 
solution,  but  owing  to  partial  conversion  into  the  dextrorotatory 
/?-form  the  rotation  of  the  solution  changes  rapidly,  and  finally 
assumes  a  constant  value,  +9'1°.  The  a-form  has  not  yet  been 
obtained  in  the  anhydrous  state.  a-E.hamnose  cannot  be  dehydrated 
by  heat  without  partial  conversion  into  the  /3-form,  this  change 
occurring  not  only  in  the  melted  state,  but  even  when  the  heating  is 
so  regulated  that  the  substance  does  not  fuse.  Attempts  to  prepare 
pure  anhydrous  a-rhamnose  by  prolonged  heating  of  the  hydrated 
variety  at  70°,  and  finally  at  90°,  in  an  exhausted  flask  connected  with 
a  vessel  containing  calcium  chloride  or  phosphorus  pentoxide,  were 
unsuccessful.  Analysis  showed  that  the  dehydration  of  the  sugar  was 
incomplete,  whilst  the  rise  of  the  melting  point  to  105°,  and  the 
initial  dextrorotation  of  its  aqueous  solution,  indicated  that  the 
change  a  — >-  /3  had  already  proceeded  to  a  considerable  extent. 
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The  crystalline  anhydrous  rhamnose  of  Fischer  (m.  p.  122 — 126°; 
initial  [a]S''  +31-5°;  Ber.,  1895,  28,  1162;  1896,29,  324),  obtained 
from  ordinary  rhamnose  by  repeated  heating  on  a  water-bath  and 
crystallisation  from  acetone,  is  the  /3-form  of  the  sugar.  Tanret's 
y-form  (m.  p.  110°;  initial  [ajo  +22-8°;  Bull.  Soc.  chim.,  1896,  15, 
195,  547)  is  doubtless  the  same  substance  mixed  with  some  a-rhamnose. 
Tanret  on  repeating  Fischer's  experiments  failed  to  obtain  his  high 
values  for  the  melting  point  and  initial  specific  rotation.  We  there- 
fore repeated  Fischer's  experiments.  After  crystallising  the  de- 
hydrated rhamnose  three  times  from  acetone,  each  crystallisation 
being  followed  by  a  day's  heating  in  a  steam  oven,  the  crystalline 
sugar  melted  at  121 — ^123°  and  showed  the  initial  specific  rotation 
+  28-08°. 

By  a  slight  modification  of  the  process,  better  results  were  obtained 
more  expeditiously.  The  dehydrated  sugar  was  brought  into  solution 
by  prolonged  boiling  with  thirty  times  its  weight  of  dry  acetone,  to 
which  about  a  ninth  of  its  bulk  of  alcohol  was  added.  On  cooling, 
the  sugar  separated  more  slowly  than  from  pure  acetone,  with  the 
result  that  a  single  crystallisation  and  subsequent  heating  sufliced  to 
raise  the  melting  point  to  122 — -124°,  and  the  initial  specific  rotation 
in  water  to  4-30'19°.  Fischer's  results  are  thus  confirmed.  The  true 
solubility  of  /3-rhamnose  in  acetone  being  small,  the  efficiency  of  the 
modified  process  is  probably  attributable  to  the  slow  crystallisation 
promoting  complete  isomeric  change  in  the  direction  a  — ^  ^.  In 
applying  Fischer's  process,  we  found  that  each  crystallisation  from 
pure  acetone,  contrary  to  expectation,  caused  a  fall  of  the  melting 
point  and  initial  rotation.  The  quicker  crystallisation  which  occurs 
when  this  solvent  is  used  yields  a  mixture  containing  more  of  the 
a-constituent  than  was  contained  in  the  sugar  before  solution.  On 
the  other  hand,  each  subsequent  heating  of  the  solid  sugar  increases 
the  proportion  of  the  ^-isomeride,  and  from  this  it  may  be  concluded 
that  the  /3-form  is  the  form  stable  at  higher  temperatures.  This 
conclusion  is  confirmed  by  the  observation  that  the  pure  /8-rhamnose 
referred  to  above,  after  being  kept  for  two  months  in  a  sealed  tube, 
gave  a  lower  melting  point  (113 — 115")  and  lower  initial  rotation 
(-t-25"0°)  than  when  freshly  prepared.  The  change  /3  — ^a  had 
partially  proceeded,  showing  that  a-rhamnose  is  the  form  which  is 
stable  at  the  ordinary  temperature. 

In  preparing  acetonerhamnoside,  Fischer's  directions  {Ber.,  1895,28, 
1145)  wei'e  carefully  observed,  but  we  failed,  notwithstanding,  to 
obtain  the  substance  in  a  crystalline  form.  The  product  used  in  our 
experiments  was  an  almost  colourless  syrup,  devoid  of  action  on 
Felding's  solution,  and  giving  in  aqueous  solution  the  rotation 
[a]u°    16'04°,    a    value    not    dilleriiig    much    from    that    of    Fischer's 
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crystalline  substance  (17*5°).  If  acetonerhamnoside  is  capable  of 
existing  in  two  stereoisomeric  forms,  the  syrup  consisted  essentially  of 
the  same  isomeride  or  mixture  of  isomei"ides  as  Fischer's  solid  com- 
pound. By  methylation  with  dry  silver  oxide  and  methyl  iodide,  the 
syrup  gave  a  liquid  Itevorotatory  dimethyl  acetonerhamnoside,  and 
from  this,  by  hydrolysis  with  hydrochloric  acid,  dimethyl  rhamnose  was 
prepared.  The  sugar  was  an  uncrystallisable  syrup,  and,  as  the  nature 
of  the  compound  appeared  to  prohibit  its  purification  by  distillation,  it 
was  not  obtained  in  a  state  fit  for  analysis.  The  compound  was,  how- 
ever, identified  by  preparation  of  a  crystalline  phenylhydrazone. 
Dimethyl  rhamnose  appears  incapable  of  forming  an  osazone.  When 
the  hydrazone  was  heated  with  phenylhydrazine  in  alcoholic  solution  in 
a  sealed  tube  at  100°,  it  was  found  not  to  be  affected.  Direct  action 
of  excess  of  phenylhydrazine  acetate  on  an  aqueous  solution  of  the 
sugar  also  failed  to  give  an  osazone.  We  conclude,  therefore,  that  in 
dimethyl  rhamnose,  and  hence  also  in  dimethyl  acetonerhamnoside,  one 
of  the  two  methoxyl  groups  is  probably  in  the  a-position.  That  the 
dimethyl  rhamnose,  obtained  as  above,  had  the  constitution  of  an 
ordinary  reducing  sugar  was  further  evidenced  by  its  vigorous  action 
on  Fehling's  solution  and  by  its  ready  condensation  with  methyl 
alcohol  by  means  of  hydrogen  chloride.  The  available  quantity  of  the 
crystalline  condensation  product  so  obtained  was  too  small  to  admit  of 
satisfactory  analysis,  but  its  glucosidic  nature  and  high  Isevorotatory 
power  accorded  with  the  conclusion  that  it  was  a-dimethyl  methyl- 
rhamnoside. 

Considerable  uncertainty  prevails  with  respect  to  the  constitution  of 
the  compounds  of  sugars  with  ketones.  Our  experiments  with  acetone- 
rhamnoside, though  they  do  not  afford  conclusive  proof  of  the  con- 
stitution of  the  compound,  at  least  reduce  the  number  of  possible 
structural  formulae  that  may  be  assigned  to  it.     Of  the  two  formulas : 

I.     Me-CH(OH)-CH-[CH-OH]2-CH-0-CMe:CH2, 
' 0 ' 

Me-C-Me 


O       O 

11.     M6-CH(0H)-CH-CH(0H)-CH-Ch' 
J 0 ' 

suggested  tentatively  by  Fischer  {loc.  cit.),  I  is  excluded,  seeing  that 
acetonerhamnoside,  under  an  action  which  in  similar  cases  effects  com- 
plete methylation  of  hydroxyl  groups,  yields  only  a  dimethyl  derivative. 
The  glucosidic  character  of  acetonerhamnoside  indicates  cleax'ly  that 
one  of  the  linkings  of  the  acetone  residue  must  be  attached  to  the 
terminal  C  atom  as  in  II.     It  is,  however,  improbable  that  the  second 
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linking  is  attached  to  the  a-carbon  atom  as  represented  in  formula  II, 
for  we  have  already  shown  that,  in  methylating  acetonerhamnoside,  of 
the  two  -OH  groups  attacked,  one  is  in  all  probability  in  the  a-position. 
It  appears,  therefore,  that  the  second  linking  of  the  acetone  residue  is 
attached  to  the  /3-  or  S-carbon  atom. 

The  methylrhamnoside  used  in  our  experiments  was  the  crude  syrup 
resulting  from  Fischer's  method  of  preparation  (loc.  cit.),  as  in  spite  of 
every  effort  we  failed  to  obtain  his  final  crystalline  product.  The 
material  gave  on  complete  alkylation  a  liquid  trimethyl  methyl- 
rhamnoside which  it  was  possible  to  purify  by  fractional  distillation 
(b.  p.  112°  under  11  mm.  pressux-e).  The  aldoside  obtained  in  this 
manner  is  largely  in  the  a-form.  On  hydrolysing  the  compound  with 
dilute  hydrochloric  acid,  the  glucosidic  methoxy-group  only  was 
removed,  and  trimethyl  rhamnose  was  obtained  as  a  colourless  syrup 
(b.  p.  151 — 155°  under  15  mm.  pressure).  The  substance  has  the 
properties  of  an  ordinary  reducing  sugar.  It  acts  readily  on  Fehling's 
.solution,  and  gives  a  crjstaWine  phenylhydrazone  (m.  p.  126 — 128°). 

By  condensation  with  methyl  alcohol  by  means  of  hydrogen  chloride, 
a  trimethyl  methyMiamnoside  is  obtained,  the  rotatory  power  of  which 
closely  approximates  to  that  of  the  compound  obtained  by  methylating 
methylrhamnoside.  Like  the  completely  methylated  etheric  derivatives 
of  glucose,  galactose,  and  mannose,  trimethyl  rhamnose  resists  the 
oxidising  action  of  silver  oxide  in  the  presence  of  methyl  iodide  and 
yields  trimethyl  methylrhamnoside  largely  in  the  /5-form. 

The  following  table  shows  the  relationships,  with  respect  to  their 
optical  activity,  between  the  rhamnose  derivatives  described  in  this 
paper : 


Solvent. 


o-Pihamnosc,  C5Hi205,H20 


/3-Rhamnosc,  CsHj.Pg 

a-Methylrhamnoside  (Fischer)    

Dimethyl  methylrhamuoside  (probably  a-form) 
Trimethyl  ,,  (largely  a-form).. 


(largely  /3-form). 


Trimetliyl  rhamnose 


Acetonerhamnoside  (Fischer) 
Dimethyl  acetonerhamnoside 


Water 

Alcohol 

Water 

Alcohol 

)> 
Water 
Alcohol 
Water 

>i 
Benzene 
Alcohol 
Water 
Methyl  alcohol 
Acetone 


[«]n. 


-7-0°^   +9-r 

-lG-5->  -11-4 
+  31-5 ->  +10-1 

-62-5 

-  95  about 

-54-13 

-15-54 

+  29-30 

+  52-36 
+  2415^  +25-44 
+  3-25 ->     +5-82 
-4-86 ->     -9-52 

+  17-5 

-31-10 

-35-32 


i'^Lscher  ha.s  shown  that  the  a-  and  /3-serie.s  of  glucosides  are  sharply 
ditstinguished  from  each  other   by  the  selective   action  of  hydrolytic 
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enzymes.  As,  however,  various  aldosides  and  ketosides  are  entirely 
proof  against  hydi'olysis  by  all  the  common  enzymes,  it  is  doubtful 
how  far  these  agents  can  be  used  for  discriminating  between  the  two 
classes  of  glucosidic  derivatives  in  the  case  of  sugars  other  than  glu- 
cose and  galactose.  The  method  is  evidently  applicable  to  the  methyl- 
mannosides,  as  Fischer  surmised  [Ber.,  1895,  28,  1430).  a-Methyl- 
mannoside  is  left  untouched  by  maltase  and  is  scarcely  affected  by 
emulsin.  y8-Methylmannoside  is  still  unknown,  but  observations 
made  here  (Trans.,  1905,  87,  1462)  show  that  its  tetramethylated 
derivative  is  readily  hydrolysed  by  the  latter  enzyme.  Besides  this 
varying  behaviour  towards  enzymes,  other  characteristics  are  available 
as  distinguishing  marks  of  the  two  classes  of  stereoisomerides.  W.  A. 
van  Eckenstein  (^Kec.  trav.  chim.,  1894,  13,  183)  and  E.  F.  Armstrong 
{Proc.  Roy.  Soc,  1904,  74,  188)  have  shown  that  jS-methylglucoside 
and  galactoside  are  hydrolysed  by  dilute  acids  much  more  quickly 
than  their  a-isomerides.  We  have  found  the  same  to  hold  true  for 
the  corresponding  derivatives  of  tetramethylated  glucose,  galactose, 
and  mannose,  and  it  may  be  concluded  that  the  distinction  in  question 
is  a  general  one.  Another  practical  method  of  distinction  is  based 
on  the  observation  that  Fischer's  method  of  preparation,  owing  to  the 
transforming  action  of  alcoholic  hydrogen  chloride  on  the  /3-forms, 
furnishes  the  a-forms  in  preponderating  quantity.  The  crystalline 
aldosides  which  separate  first  from  the  final  product  of  the  reaction 
are  a-aldosides.  On  the  other  hand,  the  /3-aldosides  predominate  in 
the  mixture  produced  by  alkylating  methylated  aldoses  with  silver 
oxide  and  methyl  iodide.  Applying  the  above  criteria  to  the  gluco- 
sidic derivatives  of  rhamnose  given  in  the  table,  Fischer's  crystalline 
methylrhamnoside,  considering  its  method  of  preparation,  is  to  be 
assigned  to  the  a-series.  The  crystalline  dimethyl  methylrhamnoside 
obtained  from  dimethyl  rhamnose  by  direct  condensation  is  doubtless 
also  an  a-form.  The  syrupy  methylrhamnoside  used  in  our  experi- 
ments, which  was  similarly  obtained  from  rhamnose,  must  have  been 
chiefly  in  the  a-form,  and  the  same  is  therefore  true  of  the  trimethyl 
methylrhamnoside  (specific  rotation  -54"13°  in  alcohol)  which  was 
prepared  from  it.  This  was  confirmed  by  following  the  course  of  its 
hydrolysis  by  dilute  acid  polarimeti-ically,  as  described  in  the  experi- 
mental part  of  the  paper.  On  the  other  hand,  the  trimethyl  methyl- 
rhamnoside showing  in  alcohol  the  specific  rotation  -f- 29*30",  obtained 
from  trimethyl  rhamnose  by  the  silver  oxide  and  methyl  iodide  pro- 
cess, should  contain  a  large  proportion  of  the  yS-form  of  the  com- 
pound ;  this  was  verified  by  the  changes  of  rotation  recorded  below, 
which  were  observed  during  its  hydrolysis  by  acid. 

E.  F.  Armstrong  (Trans.,  1903,  83,  1306)  has  correlated  the  a-  and 
/3  methylglucosides  with  a-  and  /3-glucote   (Tanret's   a-  and  y-fornis). 
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In  default  of  similar  experimental  evidence  in  the  case  of  rhamnose, 
it  may  be  assumed  on  the  analogy  of  glucose  that  the  form  of  the 
sugar  stable  at  the  ordinary  temperature,  the  a-rhamnose  of  Tanret, 
corresponds  with  the  a-rhamnosides,  and  that  Tanret's  y-rhamnose  is 
similarly  related  to  the  ^-rhamnosides.  Keeping  in  view  that 
rhamnose — in  respect  of  its  relationship  in  con6guration  to  /-mannose 
or  ^gulose — must  be  regarded  as  ^-rhamnose,  the  tabulated  rotatory 
powers  will  be  seen  to  fall  into  line  generally  with  those  of  glucose 
and  its  corresponding  derivatives.  Thus  a-rhamnose  is  more  Iibvo- 
rotatory  than  j8-rhamnose,  a-methylrhamnoside  considerably  more  so 
than  a-rhamnose,  whilst  the  rotatory  powers  of  trimethyl  a-  and 
/?-methylrhamnosides  ai*e  respectively  higher  and  lower  in  the  l£evo 
sense  than  that  of  trimethyl  rhamnose. 

The  permanent  specific  rotations  recorded  for  this  sugar  in  water, 
benzene,  and  alcohol  are  the  rotations  of  equilibrium  mixtures  of  the 
a-  and  jS-forms  ;  the  sugar  being  uncrystallisable,  these  forms  cannot 
be  isolated,  but  it  may  be  safely  concluded  that  their  individual  I'ota- 
tory  powers  are  respectively  greater  and  less  in  the  leevo  sense  than 
the  numbers  recorded  for  the  mixture.  The  very  slight  multirotation 
displayed  by  the  aqueous  solution  shows  that  the  isodynamic  equilibrium 
in  the  pure  liquid  substance  and  in  water  is  neai'ly  the  same.  Benzene 
as  compared  with  water  not  only  greatly  lowers  the  initial  dextro- 
rotation, but  also  affects  the  equilibrium,  the  multirotation  indicating 
that  the  ^-form  is  increased  in  this  solvent.  The  direction  of  the 
multirotation  both  in  water  and  in  benzene  is  the  same  as  that  of 
a-rhamnose  in  water. 

The  multirotation  of  trimethyl  rhamnose  in  alcohol,  it  will  be  seen, 
is  in  the  opposite  direction  to  that  displayed  in  the  other  solvents,  an 
increase  in  the  proportion  of  the  a-form  being  indicated  in  this  case. 
The  behaviour  of  the  substance  in  alcohol  is,  however,  quite  in  accord 
with  the  observations  of  Tanret  on  a  similar  mixture  of  the  a-  and 
^-forms  of  the  parent  sugar.  The  rhamnose  (Tanret's  ^-variety), 
which  gives  at  once  a  permanent  dextro-rotation  (-i-10-l°)  in  water, 
shows  multirotation  in  alcohol  from  a  dextro  value  to  -  10 "3°.  In 
the  case  of  both  sugars,  alcohol,  as  compared  with  water,  has  the 
effect  of  shifting  the  equilibrium  in  the  direction  (i  — >-  a.  Indepen- 
dently, however,  of  its  influence  on  the  isodynamic  equilibrium, 
alcohol,  like  benzene,  exerts  a  specific  effect  on  the  rotation  in  the 
Isevo  direction.  Thus,  even  the  trimethyl  a-  and  y8-methylrhamnosides, 
which  can  undergo  no  isodynamic  change  on  being  dissolved  in 
alcohol,  show  nevertheless  a  much  higher  rotation  in  the  lievo  sense 
in  alcohol  than  in  water. 
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Experimental. 
Dimethyl  A  cetonerhamnosicle. 

The  proportions  of  materials  used  for  the  methylation  were  1  mol.  of 
acetonerhamnoside,  4  mols.  of  methyl  iodide,  and  2  mols.  of  silver  oxide. 
In  the  first  alkylation,  a  little  acetone  was  added  to  effect  solution,  but 
in  the  second  treatment,  Avhich  sufficed  to  complete  the  action,  no  ex- 
traneous solvent  was  needed.  The  process  of  alkylation  and  the  isola- 
tion of  the  product  were  caiTied  out  as  in  previous  cases  (Trans.,  1904, 
85,  1058,  1074).  The  yield  of  the  pure  substance  was  approximately 
35  per  cent,  of  the  weight  of  acetonerhamnoside  taken.  Dimethyl 
acetonerhamnoside  is  a  colourless,  mobile,  highly  refractive  liquid, 
boiling  at  121 — 124°  under  22  mm.  pressure.  It  is  readily  soluble  in 
organic  solvents,  bub  insoluble  in  water,  and  it  is  without  action  on 
Fehling's  solution. 

0  =  56-53  ;  H  =  8-75  ;  OCH3  (by  Zeisel's  method)  =27-36. 
G^'3.^fi.J^0GB.^\  requires  C  =  56-85  ;  H  =  8-70  ;  0CH3  =  26-73  per  cent. 

A  cryoscopic  determination  of  the  molecular  weight  in  benzene  gave 
219,  the  calculated  number  being  232.  Determinations  of  the  specific 
rotation  gave  the  following  results  : 

P- 

Pure  liquid — 

Methyl-alcoholic  solution ...     1  r0260 
*Acetone  solution    12-4781 

Dimethyl  Rhamnose. 

Dimethyl  acetonerhamnoside  was  readily  hydrolysed  by  heating  at 
100°  with  3  per  cent,  aqueous  hydrochloric  acid,  acetone  being  evolved 
in  the  process.  The  solution  having  been  neutralised  with  barium 
carbonate,  filtered,  and  evaporated  to  dryness,  the  product  was  extracted 
from  the  residue  with  boiling  alcohol.  The  syrup  left  on  evaporating 
the  alcohol  was  extracted  with  acetone,  and  the  solution  was  dried 
with  sodium  sulphate.  After  removing  the  acetone  by  distillation,  the 
sugar  remained  as  an  ambei'-coloured,  uncrystallisable  syrup,  solidifying 
to  a  glass  after  being  heated  on  a  water-bath.  The  substance  was 
soluble  in  water  and  in  alcohol,  moderately  so  in  acetone,  only  slightly 
so  in  ether.  It  reduced  Fehling's  solution  on  gentle  warming,  and 
was  found  to  be  feebly  dextrorotatory  in  methyl-alcoholic  solution. 
As  the  compound  could  not  be  purified  for  analysis,  it  was  identified 
by  preparing  its  hydrazone. 

*  This  observation  of  rotatory  power  is  to  be  substituted  for  that  made  on  a  pre- 
liminary preparation  of  the  substance  {CJicm,  News,  1902,  86,  191). 


^20°. 

I. 

«7. 

[alf. 

1-0795 

1 

-36-09° 

-33-43° 

0-8194 

2 

-5-62 

-31-10 

0-8202 

2 

-7-23 

-35-32 
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Dimethyl  rhamnose  and  phenylhydrazine  react  immediately  in 
ethereal  solution  with  precipitation  of  the  crystalline  hydrazone,  but 
owing  to  the  slight  solubility  of  the  sugar  in  ether,  it  was  found  more 
convenient  to  add  the  calculated  quantity  of  the  base  in  the  form  of 
Fischer's  reagent  to  a  concentrated  aqueous  solution  of  the  sugar ;  in 
this  case  also  the  hydrazone  separates  at  once  in  the  crystalline  state. 
After  being  washed  with  acetic  acid,  it  crystallised  from  alcohol  in 
colourless,  glistening  prisms  melting  at  nearly  the  same  temperature  as 
rhamnose  phenylhydrazone,  namely,  159 — 160°.*     Analysis  gave  : 

0  =  58-59;  H-:7-80;  N=10-15. 
C14H22O4N2  requires  0  =  59-51  ;  H  =  7-87  ;  N  =  9-95  per  cent. 

The  condensation  of  dimethyl  rhamnose  with  methyl  alcohol  was 
carried  out  by  heating  a  10  per  cent,  solution  of  the  sugar  in  methyl 
alcohol  containing  0-25  per  cent,  of  hydrogen  chloride  in  a  sealed  tube 
for  thirty  hours  at  90°.  During  the  process,  the  observed  rotation  in 
a  1-dcm.  tube  changed  from  +0-77°  to  -5'42°.  The  product,  isolated 
as  in  other  similar  cases  {loc.  cit.),  was  a  colourless  liquid,  without 
action  on  Fehling's  solution,  which  boiled  at  158—161°  under  19  mm. 
pressure  and  crystallised  partially  on  standing.  The  solid  matter 
after  drying  on  porous  poi-celain  and  recrystallising  from  light 
petroleum  consisted  of  coloui-less  needles  melting  at  53 — 56°,  and 
having  a  specific  rotation  of  about  -  95°  in  alcoholic  solution.  The 
glucosidic  character  of  the  compound  and  its  high  l^evorotatory  power 
lead  us  to  conclude  that  it  is  dimethyl  a-methylrhamnoside. 

Trhnethyl  Methylrhamnoside. 

In  methylating  methylrhamnoside  the  materials  used  were  in  the 
proportions  :  methylrhamnoside  1  mol.,  silver  oxide  3  mols.,  methyl 
iodide  6  mols.  A  few  c.c.  of  methyl  alcohol  were  added  as  solvent  in 
the  first  alkylation,  but  although  the  product  from  this  was  freely 
soluble  in  methyl  iodide,  two  additional  alkylations  in  this  solvent 
were  needed  to  complete  the  action.  By  the  methods  described  in 
other  cases  {loc.  c«f.),  trimethyl  methylrhamnoside  was  isolated  from  the 
product  of  the  alkylation  as  a  colourless  liquid  boiling  steadily  at  112° 
under  11  mm.  pressure.  In  one  experiment,  27  grams  of  the  substance 
were  obtained  from  48  grams  of  methylrhamnoside.     Analysis  gave  : 

I.  0  =  54-68;  H  =  9-37;  0CH3  =  54-96. 
II.  0  =  54-53;  H  =  9-21;  OOH3  =  55-73. 
OeHgO(OOH3)4  requires  0  =  54-49  ;  H  =  9-17  ;  00H3  =  56-37  per  cent. 

*  The  melting  point  of  rhamnose  plienylhydrazone  is  variously  given  as  l^Q", 
l.')'! — 156°,  and  1.^1°.  A  specimen  prepared  and  reerystallised  in  tlie  same  manner 
as  our  dimethyl  rhanniosephenylliydra;'.one  melted  at  150 — 152-5". 

4  K  2 
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A  cryoscopic  determination  of  the  molecular  weight  in  benzene  gave 
208.     C10H20O5  requires  220. 

Trimethyl  methylrhamnoside  has  a  ''bitter-sweet"  taste,  is  neuti'al 
in  reaction,  and  does  not  act  on  Fehling's  solution ;  it  is  readily  soluble 
in  water  and  in  the  ordinary  organic  solvents.  An  aqueous  solution 
of  the  rhamnoside,  after  being  heated  with  emulsin  at  37°  for  several 
days,  showed  only  a  slight  action  on  Fehling's  solution,  and  its  optical 
rotation  was  unaltered.  The  following  observations  of  the  specific 
rotation  were  made  : 

Pure  liquid   —  1-0724         1  -66-68°        -62-18° 

Aqueous  solution 10-6651         1-0137         2  -3-36  -15-54 

Ethyl-alcoholic  solution 13-6455         0-8218         2  -12-14  -54-13 


Trimethyl  Rhamnose. 

A  7 '5  per  cent,  solution  of  trimethyl  methylrhamnoside  in  8  per 
cent,  aqueous  hydrochloric  acid  was  heated  at  100°  until  the  con- 
stancy of  the  rotatory  power  gave  proof  that  the  hydrolysis  was  com- 
plete. In  one  such  experiment  the  observed  rotation,  initially  -  0-83° 
in  a  1-dcm.  tube,  rose  after  two  and  a  half  hours  to  the  constant  value 
+ 1*39°  The  rise  of  rotation  during  hydrolysis  was  perfectly  regular, 
a  result  which  confirms  our  previous  conclusion  that  the  trimethyl 
methylrhamnoside  ^consisted  mostly  of  the  a-form.  The  product  was 
isolated  in  the  same  manner  as  tetramethyl  glucose  {loc.  cit.)  and  dis- 
tilled fractionally  in  a  vacuum.  The  yield  of  pure  product  was  65  per 
cent,  of  the  theoretical  quantity.  Analysis  of  the  main  fractions  from 
two  different  preparations  which  distilled  at  151 — 155°  under  15  mm. 
pressure  gave  : 

T.  C  =  5216;  H  =  9-13;  OCH3-46-29. 
II.  C  =  52-28;  H  =  8-99;  OGHg^  45-48. 
Q^Yif>^{OOB.^)^  requires  0  =  52-38;  H  =  8-82;  OCHg^  45-15  per  cent. 

Trimethyl  rhamnose  is  a  syrupy  liquid  which  reduces  Fehling's 
solution  vigorously.  It  is  readily  soluble  in  water,  alcohol,  benzene, 
and  ether.  Observations  of  the  rotatory  power  of  the  compound  are 
given  below.  The  multi-rotation  was  promoted  in  each  case  by  adding 
a  trace  of  alkali. 

Solvent.  c.  Initial.  Final. 

AVatei- 4-638  +24-15°  +25-44° 

Benzene  5-238  +3-25  +5-82 

Alcohol    4-938  -4-86  -9-52 

When  phenylhydrazine  in  diluted  acetic  acid  is  added  to  trimethyl 
ihamnose,  the  sugar  is  rapidly  dissolved,  and  a  heavy  oil  is  afterwards 
precipitated  which  solidifies  on  standing  some  time.   The  solid  product, 
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after  being   washed  with   dilute  acetic  acid,  dried  in  a  vacuum,  and 
recrystallised  from  ether,  gave  on  analysis  the  following  results  : 

0  =  61-32;  H  =  8-38;  N  =  9-66;  OCH3  =  34-01. 
Ci2Hi50N2(OCH3)3  requires  C  =  60-74;  H  =  8-18;  N=:9-48;  0CH3  = 

31-42  per  cent. 

The  compound  is  therefore  triviethyl  rhamnosephenylhydrazone.  The 
substance  is  slightly  soluble  in  water,  very  (soluble  in  alcohol,  and 
moderately  so  in  ether,  from  which  it  crystallises  in  irregular,  light 
yellow  prisms  melting  and  decomposing  at  126 — 128°. 

Methylation  of  Trimethyl  Rhamnose. 

The  condensation  of  trimethyl  rhamnose  with  methyl  alcohol  was 
effected  by  heating  a  ^5  per  cent,  solution  of  the  sugar  in  methyl 
alcohol  containing  0'25  per  cent,  of  hydrogen  chloride  in  a  sealed  tube 
at  115°  for  four  and  a  half  hours.  The  product  was  isolated  as  in 
previous  cases,  and  fractionally  distilled  in  a  vacuum.  The  distillate 
(b.  p.  110 — 115°  under  11  mm.  pressure)  was  a  colourless,  mobile  oil 
which  had  no  action  on  Fehling's  solution.     Analysis  gave : 

C  =  54-07;  H  =  9-08. 

CjQHgoOj  requires  0  =  54-49  ;  H  =  9-17  per  cent. 

A  determination  of  the  specific  rotatory  power  in  water  gave  the 
following  result:  c  =  3-378,  ^=1,  alf  -  0-46°  ;  hence  [a]},^°  -  13-62°. 
This  number  corresponds  approximately  with  the  value  (-15-54°) 
found  for  the  same  compound  prepared  by  methylating  methyl- 
rhamnoside,  and  shows  that  the  substance  obtained  as  above  consists 
largely  of  the  a-form. 

Trimethyl  rhamnose  can  also  be  methylated  by  the  silver  oxide 
method.  The  process  was  carried  out  in  the  usual  manner ;  no  solvent 
other  than  methyl  iodide  was  required,  and  one  treatment  sufficed  to 
complete  the  action.  On  distilling  the  product,  the  main  fraction 
boiled  at  120 — 124°  under  17  mm.  pressure  and  gave  on  analysis  : 

0  =  54-64;  H  =  9-20;  OOH3  =  54-30. 
0,jHsO(OOH3)4  requires  0  =  54-49;  H  =  9-17;  00H3  =  56-37  per  cent. 

The  following  observations  of  the  specific  rotation  were  made  in  a 
2-dcm.  tube:  in  ethyl  alcohol,  c  =  8-276,  0^  +  4-85°,  [a]l,«° +  29-30°. 
In  water,  c  =  7-467,  a^  +  7-82°,  [a][;'° +  52-36°. 

The  substance  is  therefore  trimethyl  methylrhamnoside,  containing, 
however,  as  explained  in  the  introduction,  a  much  larger  proportion  of 
the  /3-form  of  the  I'hamnosido  than  the  product  of  the  condensation  of 
the  sugar  with  methyl  alcohol.  This  conclusion  is  borne  out  by  a 
study  of  its  hydrolysis.     As  in  iiU  the  other  aldosides  examined,  the 
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/3-form — here  dextrorotatory — undergoes  more  rapid  hydrolysis  than 
the  Ifevorotatory  a-isomeride.  The  result  is  that  the  solution, 
initially  dextrorotatory,  becomes  gradually  Isevorotatory  during  the 
process,  then  again  dextrorotatory,  and  finally  attains  a  constant 
dextro-value.  The  hydrolysis  was  carried  out  by  heating  a  solution  of 
the  rhamnoside  in  8  per  cent,  aqueous  hydrochloric  acid  at  80°.  The 
polarimetric  observations  made  during  the  process,  in  a  1-dcm.  tube, 
are  given  below  : 


Time  from  start. 
Before  heating 

10  minutes 

30        „      

50         ,,      


+  0-51° 
-0-03 
-0-18 
-0-.36 


Time  from  start. 

70  minutes... 

100        ,,      ... 

160         ,,      ... 


-0-11° 
+  0-15 
+  0-15 


Chemical  Reseajich  L.VBonATOKY, 
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CXXII. — The  Alkylation  of\-Arahinose. 

By  Thomas  Purdie,  F.R.S.,  and  Robert  Evstafieff  Rose,  Ph.D. 

In  continuation  of  previous  work  on  the  alkylation  of  sugars,  we 
have  applied  the  process  of  methylation  by  means  of  the  joint  action 
of  silver  oxide  and  methyl  iodide  to  Fischer's  a-methylarabinoside. 
The  three  hydroxyl  groups  of  the  compound  are  readily  etherified  by 
this  method,  and  on  distilling  the  product  trirmthyl  a-melhylarahinoside 
is  obtained  in  nearly  theoretical  yield.  The  distillate  solidifies  after 
some  time,  and  by  crystallisation  from  light  petroleum  the  substance 
is  procured  in  large,  beautiful  crystals  melting  at  43 — 45°.  This  com- 
pound is  readily  hydrolysed  when  heated  with  dilute  hydrochloric  acid, 
the  progress  of  the  action  being  manifested  by  a  steady  fall  of  the 
rotatory  power  to  a  final  constant  value  ;  the  aldosidic  methoxyl  group 
only  is  removed  by  the  process,  and  trimethyl  arabinose  is  formed. 
When  isolated  and  fractionally  distilled,  the  substance  was  ob- 
tained as  a  colourless,  uncrystallisable  syrup,  which  showed  the  usual 
properties  of  a  reducing  sugar,  including  that  of  multirotation.  When 
condensed  with  methyl  alcohol  by  means  of  hydrogen  chloride,  it 
yielded  a  liquid  mixture  of  trimethyl  a-  and  ^-methylarabinosides  in 
which  the  a-isomeride  was  present  in  such  quantity  that  it  separated 
in  crystalline  form  when  the  mixture  was  nucleated  with  this 
substance. 

It  was  found  that  trimethyl  arabinose,  like  the  other  etheric  sugars, 
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conld  also  be  methylated  with  silver  oxide  and  methyl  iodide  without 
undergoing  oxidation.  The  product  was  again  a  mixture  of  the 
stereoisomeric  aldosides,  containing,  however,  such  a  large  proportion 
of  the  j8-form  that  the  liquid  could  not  be  made  to  crystallise  when 
nucleated  with  the  crystalline  a-form. 

The  specific  rotations  of  the  compounds  referred  to  are  summarised 
below  ;  fi-methylarahinoside,  which  is  included  in  the  table,  has  not  been 
isolated  hitherto.  The  compound  was  precipitated  in  the  crystalline 
state  (m.  p.  115 — 117°)  on  adding  ether  to  the  residual  mother  liquors 
obtained  in  the  preparation  of  the  a-isomeride. 

[«]f  [ajf  in    . 

in  water,      methj'l  alcohol. 

Z-Arabinose  (Tanret) +175°  ->  105°  — 

a-Methylarabinoside  (m.  p.  169—171°) 2457  — 

;8-Me{hylarabinoside  (m.  p.  115 — 117°)...  73'2  — 

Ti-imethyl  a-methylarabiiioside  (m.  p.  43 — 45°).  250 '8  +223'1° 

Trimethyl   methylarabinoside    (liquid),    largely 

/3-form     121-9  97*8 

Trimethyl  arabinose  (liquid),  mixture  of  a-  and 

)3-forms   122-3  ^  127'2     98-7^102-7 

Fischer  found  that  his  methylarabinoside  (m.  p.  169 — 171°)  was  not 
affected  either  by  yeast-enzymes  or  by  emulsin  {Ber.,  1891,  27, 
2985).  The  isomeric  arabinoside  (m.  p.  115 — 117°)  is  apparently  also 
proof  against  the  action  of  emulsin,  as  after  heating  it  for  a  week  at 
35°  with  a  solution  of  the  enzyme  we  failed  to  obtain  distinct  evidence 
of  hydrolysis.  The  selective  action  of  enzymes  is  therefore  at  present 
not  available  as  a  distinguishing  test  for  the  stereoisomeric  methyl- 
arabinosides.  In  view,  however,  of  their  method  of  preparation, 
which  is  precisely  like  that  of  the  corresponding  glucosides  and 
galactosides,  the  arabinoside  melting  at  169 — 171°  may  unquestionably 
be  assigned  to  the  a-series,  and  the  isomeride  (m.  p.  115 — 117°)  to  the 
^-series.  The  trimethyl  methylarabinoside  (m.  p.  43 — 45°),  which  was 
obtained  by  methylating  a-methylarabinoside,  is  also  an  a-form. 
Trimethyl  ^-methylarabinoside  appears  to  be  a  liquid,  and  was  not 
isolated.  The  substance  was  contained  in  apparently  preponderating 
proportion  in  the  aldosidic  liquid  (specific  rotation  in  water  4-121-9°), 
which  was  obtained  by  methylating  trimethyl  arabinose  by  the  silver 
oxide  method.  This  conclusion  is  justified,  independently  of  evidence 
based  on  the  rotatory  power  of  the  liquid,  by  previous  experience  with 
other  methylated  sugars,  which  shows  that  the  method  of  preparation 
employed  always  favours  the  production  of  the  /3-aldoside.  The 
presence,  in  quantity,  of  this  more  hydrolysable  form  was  also  established 
by  the  rise  and  subsequent  fall  of  rotation  to  the  value  for  trimethyl 
arabinose,  observed  in  the  course  of  hydroly.sing  the  liquid. 

Tlio  relation  of  the  trimethyl  a-  and  ^-metliylarabinosides  with  re- 
spect to  rotatory  power  is  evidently  tho   same  as  that  of   the  cor- 
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responding  methylarabinosides,  the  a-compounds  being  more  dextro- 
rotatory and  the  /3-compounds  less  so  than  the  parent  sugai's.  The 
mean  of  the  specific  rotations  of  the  two  methylglucosides  and  of  the 
two  tetramethyl  methylglucosides  is  approximately  the  same,  namely, 
621°  and  65°.  If  a  similar  relation  applies  to  the  arabinosides,  which  is 
probable,  the  specific  rotation  of  trimethyl  /3-methylarabinoside  in 
aqueous  solution  must  be  about  68°,  and  the  liquid  mixture  referred  to 
above  must  have  contained  about  70  per  cent,  of  this  isomeride.  The 
specific  rotations  of  the  methylated  arabinosides  are  considerably  less 
in  the  dextro  sense  in  alcohol  than  in  water,  resembling  in  this  respect 
the  methylated  galactosides,  and  differing  from  the  corresponding 
glucosides,  mannosides,  and  rhamnosides,  for  which  the  converse  holds 
true. 

According  to  Lowry's  explanation  of  multirotation  (Trans.,  1899,  75, 
213),  arabinose,  like  other  reducing  sugars,  must  exist  in  two  iso- 
dynamic  forms,  only  one  of  which,  however,  the  ordinary  crystalline 
sugar  (specific  rotation  in  water  about  +  175°),  is  as  yet  known.  As 
the  more  dextrorotatory  of  the  two  forms,  it  is  to  be  correlated  with 
the  more  dextrorotatory  methylarabinoside,  which,  on  evidence  in- 
dependent of  its  rotatory  power,  we  have  already  assigned  to  the 
a-series ;  the  ordinary  form  of  arabinose  must  therefore  also  be  re- 
ferred to  this  series.  The  rotatory  powers  of  the  a-  and  _i8-arabinoses 
and  a-  and  /3-arabinosides  thus  fall  into  line  with  those  of  the 
corresponding  (/-glucoses  and  cZ-glucosides.  It  must,  however,  be  noted 
that  if  ordinary  ai'abinose,  in  virtue  of  its  configuration,  is  to  be  re- 
garded as  a  derivative  of  Z-glucose,  relationships  of  a  converse  order 
might  be  expected,  that  is  to  say,  a-arabinose  and  the  a-arabinosides 
might  be  expected  to  be  less  rotatory  in  the  dextro  sense  than  the 
corresponding  /3-forms. 

Trimethyl  arabinose  being  a  liquid,  the  rotatory  powers  quoted  for 
it  are  necessarily  those  of  mixtures  of  the  a-  and  /3-forms  of  the  sugar. 
The  a-isomeride,  as  in  the  case  of  the  parent  sugar,  is  the  more  dextro- 
rotatory of  the  two  forms.  It  will  be  seen,  however,  that  the  multi- 
rotation  is  upwards,  that  is  to  say,  in  the  opposite  direction  to  that  of 
a-arabinose.  This  is  explained  by  the  fact  that,  with  the  object  of 
increasing  the  proportion  of  the  presumably  less  stable  /3-form  in  the 
mixture,  the  liquid  was  heated  and  rapidly  cooled  immediately  before 
the  solutions  were  prepared.  The  heating  had  the  expected  effect,  the 
multirotation  being  due  to  the  reverse  change  (3  — >■  a  occurring  in 
the  solutions. 
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Experimental. 

a-  and  fi-Methylarabinosides. 

The  a-methylarabinoside  used  in  oui'  experiments  was  prepared  from 
Z-arabinose  by  Fischer's  method  {Ber.,  1895,28,  1156);  the  yield  of 
crystalline  substance  (m.  p.  165 — 166°)  was  more  than  40  per  cent,  of 
the  weight  of  arabinose  taken.  The  specific  rotation  of  the  compound, 
which  does  not  appear  to  have  been  recorded  hitherto,  was  found  to  be, 
for  c  =  10*01  in  aqueous  solution,  [a ]o+ 245 'T".  On  adding  ether 
to  the  methyl-alcoholic  mother  liquors  from  which  the  a-arabinoside 
had  been  obtained,  a  further  crystalline  crop  separated.  The  substance 
after  being  recrystallised  from  ethyl  acetate  formed  beautiful  prisms 
melting  at  115 — 117°,  which  showed  the  following  specific  rotation  in 
aqueous  solution:  c  =  8"1575,  1  =  2,  aji''  + ir95° ;  hence  [aj^' 
+  73 "24°.     Analysis  gave  : 

0  =  43-78;  H  =  7-61. 

OgH^Pj  requires  0  =  43-90  ;  H  =  7-32  per  cent. 

The  comj)ound  is  therefore  fi-methylarahinoside.  The  yield  of 
material  amounted  to  only  about  8  per  cent,  of  the  arabinose  taken. 

Trimethyl  a.-Methylarabinoside. 

This  compound  was  obtained  by  methylating  a-methylarabinoside  in 
the  manner  described  in  previous  papers  (Trans,,  1904,  85,  1058);  the 
proportions  of  materials  used  were  6  mols.  of  silver  oxide  and  12  mols. 
of  methyl  iodide  to  1  mol.  of  arabinoside.  After  three  alkylations,  the 
action  was  complete,  and  the  product  was  then  isolated  in  the  usual 
manner  and  distilled  fractionally.  From  28-5  grams  of  a-methylara- 
binoside there  were  obtained  30  grams  of  the  trimethylated  derivative 
in  the  form  of  a  colourless  liquid  which  boiled  at  124 — 124-5°  under 
14  mm.  pressure,  and  after  some  time  solidified  to  a  crystalline  mass. 
The  substance  had  no  action  on  Fehling's  solution;  it  was  very  soluble 
in  water  and  all  organic  solvents  except  light  peti'oleum,  from  which 
it  separated  in  large  crystals  melting  at  43 — 45°. 

The  results  of  analysis  were  : 

0  =  52-38;  H  =  8-86;  00H3  =  60-02. 
05U,jO(OCH3).j  requires  0  =  52-42  ;  H  =  S-74  ;  00113  =  60-19  per  cent. 

A  cryoscopic  determination  of  the  molecular  weight  in  benzene  gave 
197  instead  of  the  calculated  number  206,  and  determinations  of  the 
specific  rotations  showed  the  following  results  :   in  aqueous  solution, 
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;?  =  9897,  cZ^""=  10149,  1=2,  af +  50-38°;  hence  [a]i?+ 250-78°;  in 
methyl-alcoholic  solution,  ;;  =  12-134,  fP  =0-8253,  Z  =  2,  a??' +  44-68°; 
hence  [aj^;^ +223-08°. 

Trmiethyl  Arabinose. 

The  compound  was  prepared  by  hydrolysing  trimethyl  a-methyl- 
arabinoside.  The  process  was  carried  out  by  heating  a  9  per  cent, 
solution  of  the  substance  in  8  per  cent,  aqueous  hydrochloric  acid,  in 
the  first  instance  at  70°  and  finally  at  100°,  until  the  rotatory  power 
became  constant.  During  the  hydrolysis  the  observed  rotation  de- 
creased steadily  from  +  19-83°  (Z=  1)  to  the  constant  value  +12-98°. 
The  specific  rotation  calculated  from  the  latter  number  on  the  assump- 
tion that  the  arabinoside  was  entirely  converted  into  trimethyl 
ai'abinose  is  +  153-4°;  as  the  actual  specific  rotation  of  this  compound 
(see  below)  is  +127'2°,  it  would  appear  that  the  hydrolysis  was  not 
quite  complete.  The  product  having  been  isolated  in  the  usual 
manner  [loc.  cit.)  and  fractionally  distilled,  from  17-8  grams  of  tri- 
methyl a-methylarabinoside  taken  there  were  obtained  9-6  grams  of 
trimethylarahinose  as  a  colourless  syrup  boiling  at  148 — 152°  under 
19  mm.  pressure.  Previous  experience  has  shown  that  the  alkylated 
sugars  are  more  readily  obtained  in  a  pure  state  from  the  correspond- 
ing /3-aldoside  than  from  the  less  easily  hydrolysable  a-isomeride.  As 
the  results  of  analysis  in  the  present  instance  were  not  quite  satisfac- 
tory (0  =  49-44,  H  =  8-37,  calculation  requiring  C  =  50-0  and  H  =  8-34 
per  cent.),  the  trimethyl  arabinose  was  accordingly  converted  into  a 
mixture  of  the  a-  and  /?-arabinosides  by  methylation  with  silver  oxide 
and  methyl  iodide,  as  described  below,  and  from  this  mixture,  consist- 
ing largely  of  the  ^-isomeride,  trimethyl  arabinose  was  recovered  by 
hydrolysis  and  fractional  distillation.     Analysis  now  gave  : 

C  =  49-87;  H  =  8-59;  0CH3  =  47-36. 
C5Hy02(OCH3)3  requires  C  =  50-00  ;  H  =  8-34;  OCHg^  48-44  per  cent. 

A  cryoscopic  determination  of  the  molecular  weight  in  water  gave 
174  instead  of  the  calculated  number  192.  The  value  found  in  benzene, 
namely,  333-5,  indicates  the  existence  of  associated  molecules,  as  was 
also  found  to  be  the  case  for  tetramethyl  glucose  in  the  same  solvent 
[loc.  cit.). 

Trimethyl  arabinose  is  a  colourless  syrup  very  soluble  in  water  and 
all  organic  solvents,  less  soluble  in  light  petroleum,  from  which  it 
separates  in  the  liquid  state.  It  behaves  in  general  like  a  reducing 
sugar,  acting  vigorously  on  Fehling's  and  ammoniacal  silver  solutions  ; 
it  becomes  yellow  when  heated  with  caustic  alkali,  answers  to  the 
Schiff  and  Molisch  tests,  and  under  the  conditions  described  below  it 
exhibits  multix'otation.     A  freshly-prepai-ed  methyl -alcoholic  solution 
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of  the  substance,  which  immediately  before  being  dissolved  had  been 
heated  for  an  hour  at  130°  and  then  rapidly  cooled,  gave  (c  =  7528  and 
1  =  2)  a'i?'  +  14-86°  ;  hence  [a]^^  +  98-69°.  After  seventy-two  hours,  the 
specific  rotation  had  risen  to  the  constant  value  102 '68°.  A  freshly- 
distilled  sample  gave  in  aqueous  solution,  for  c  =  7'978  and  1  =  2, 
a-Q  +19'52° ;  hence  [ajo  + 122'33°,  which  rose  in  one  and  a  half  hours 
to  +127'22°,  this  value  remaining  unaltered  when  a  trace  of  alkali 
was  added. 

Condensation  of  Trimethyl  Arabinose  with  Methyl  Alcohol. 

The  condensation  was  effected  by  heating  an  8  per  cent,  solution  of 
the  sugar  in  methyl  alcohol  containing  0*25  per  cent,  of  hydrogen 
chloride  in  a  sealed  tube  at  110°.  After  seven  hours,  the  observed 
rotation  had  risen  from  4-  6*48°  to  +  8'50°  (^=1)  and  the  action  on 
FehKng's  solution  had  disappeared.  The  product,  after  being  isolated 
in  the  usual  manner  and  distilled  (b.  p.  128 — 134°  under  22  mm.  pres- 
sure), crystallised  partially  on  being  nucleated  with  trimethyl  a-methyl- 
arabinoside,  and  the  crystals  were  identified  with  this  compound  by 
their  melting  point,  42 — 45°.  The  rotation  of  the  mixture  in  methyl 
alcohol,  for  c  =  6-9715  and  1=2,  was  aj?'  4- 17-13°;  hence  [ajf  +  122-86°. 
The  specific  rotation,  as  was  to  be  expected,  is  lower  than  that  of  the 
pux'e  a-isomerideand  higher  than  that  of  the  isomeric  mixture  obtained 
by  alkylation  as  described  below. 

Methylation  of  Trimethyl  Arabinose  by  the  Silver  Oxide  Reaction. 

The  sugar  was  methylated  with  a  large  excess  of  methyl  iodide  and 
silver  oxide,  and  the  product  was  isolated  in  the  customary  way  and 
purified  by  distillation.  From  10-3  grams  of  trimethyl  arabinose,  8-5 
grams  of  a  mixture  of  the  a-  and  j3-arabinosides  were  obtained  (b.  p. 
121 — 129°  under  22  mm.  pressure).  The  distillate  had  only  a  very 
slight  action  on  Fehling's  solution,  and  gave  on  analysis : 

C-52-28j  H  =  8-81;  OCH3  =  60-9. 
C5H,.p(OCH3)4  requires  0  =  52-42  ;  H  =  8-74  ;  OCH3- 60-19  percent. 

As  in  the  case  of  the  tetramethyl  methylglucosides,  trimetliyl 
)8-methylarabinoside  boils  at  a  somewhat  lower  temperature  than  its 
a-isomeride.  Thus,  on  redistilling  the  n)ixturo  of  arabinosides  and 
collecting  the  distillate  in  two  fractions,  boiling  at  128 — 132°  and  at 
132 — 136°  under  22  mm.  pressure,  it  was  found  from  observations  of  tlio 
rotatory  powers  that  the  lower  boiling  fraction  contained  a  larger  pro- 
portion of  the  loss  dextrorotatory  /3-forni.  This  fraction  in  aqueous 
solution  g,ive,for  c  =  8-777and I  =  2,  a'i;'  -f  21  -40'^;  hence  [a]^"  +  121-90°; 
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and  in  methyl-alcoholic  solution  for  c  =  6*28  and  1  =  2,  aD°+12'29°; 
hence  [a]o°  +  97'8°.  The  specific  rotations  of  the  higher  boiling  frac- 
tion in  the  same  solvents  and  for  similar  concentrations  were  respec- 
tively +  127 "35°  and  +  107-64°.  The  presence  of  the  a-  and  /3-arabino- 
sides  in  the  mixture  was  confirmed  by  the  occurrence  of  the  character- 
istic I'ise  and  subsequent  fall  of  the  rotation  during  hydrolysis  which 
has  been  observed  in  other  similar  cases.  Thus  a  solution  of  the  lower 
boiling  fraction  in  5  per  cent,  aqueous  hydrochloric  acid,  when  heated 
at  100°,  showed  the  following  variations  of  a~^'  for  1  =  1  andc  =  9'732. 
At  the  beginning,  +12-13°,  after  ten  minutes,  +13-12°,  and  after 
fifteen  minutes  +11-37°,  this  value  remaining  constant  on  further 
heating.  The  specific  rotation,  calculated  from  the  final  number  on 
the  assumption  that  the  mixture  of  arabinosides  had  been  entirely 
converted  into  trimethyl  arabinose,  is  +125-4°.  The  specific  rotation 
of  the  pure  sugar  in  aqueous  solution  is  actually  + 127-2°;  the  hydro- 
lysis was  therefore  practically  complete.  The  hydrolysis  of  the  higher 
boiling  fraction  of  the  arabinosides  gave  similar  results. 

Chemical  Research  Labouatory, 

UxiTED  College  of  St.  Salvator  and  St.  Leonard, 

UxivERsrrY  of  St.  Andrews. 


CXXIII. — Saponmin,  a  Neiv  Glucoside,   Coloured  Blue 

with  Iodine. 

By  George  Barger. 

The  epidermal  cells  of  the  leaves  of  certain  flowering  plants,  belonging 
to  variovis  natural  orders,  have  long  been  known  to  contain,  dissolved 
in  their  cell  sap,  a  substance  which  is  coloured  blue  by  iodine.  The 
colour  disappears  on  warming  and  returns  on  cooling,  as  is  the  case 
with  starch ;  it  is,  however,  not  confined  to  well-marked  grains,  but 
extends  uniformly  throughout  the  cell  as  a  fine  blue  precipitate.  On 
this  account  the  substance  was  regarded  as  an  amorphous  variety  of 
starch  by  Sanio,  its  discoverer  {Botanische  Zeitung,  1857,  15,  420). 
Sanio  found  the  substance  in  the  leaf-epidermis  of  Gagea  lutea,  and 
showed  by  plasmolysis  that  it  is  confined  to  the  cell  sap.  The 
publication  of  this  note  led  Schenk  to  record  similar  observations  on 
the  closely  allied  genus  Ornithogcdwn  {Botanische  Zeitung,  1857,  15, 
497,  555).  Schenk  doubted  whether  the  substance  was  identical  with 
starch,  because  fragments  of  the  epidermis  of   Ornithogaluvi  leaves. 
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when  coloured  blue  by  iodine,  lost  their  colour  when  placed  in 
water. 

The  substance  was  next  observed  in  a  species  of  Ornithogalum  by 
Trecul  [Bull.  Soc.  hot.  de  France,  1858,  5,  711),  and  later  it  was 
studied  in  the  same  genus  by  Niigeli,  who  definitely  declared  against  it 
being  starch  [Beitrcige  zur  wissensch.  Botanik,  1860,  2,  187).  The 
next  reference  to  the  substance  is  by  Kraiis,  who  found  it  in  Arum 
(Botanische  Mitlheilungen,  Halle,  1885).  A  detailed  account  of 
*' soluble  starch  "  was  published  by  the  Swiss  botanist  Dufour  [Bull. 
Soc.  vaud.  Sci.  nat.,  1885,  21,  227).  He  found  it  in  about  twenty 
species  of  Phanerogams,  but,  like  his  predecessors,  he  did  not 
isolate  it. 

The  present  work  was  started  in  1901  in  the  botanical  laboratory  of 
Brussels  University,  at  the  suggestion  of  the  late  Professor  L.  Errera, 
to  whose  stimulating  interest  the  author  owes  much,  and  some 
preliminary  results  were  communicated  at  the  meeting  of  the  British 
Association  in  1904.  Saponaria  officinalis  was  chosen  as  the  source 
of  material ;  this  plant  is  relatively  rich  in  the  substance,  and  is 
grown  on  the  continent  for  pharmaceutical  purposes,  so  that  large 
quantities  were  easily  obtainable.  The  svibstance  proved  to  be  a 
glucoside,  and  the  name  Saponarin  was  suggested  for  it,  leaving  open 
the  question  of  its  probable  identity  with  the  "soluble  starch"  of 
other  plants. 

Experimental. 

The  method  of  isolation  was  as  follows.  Dried  shoots  of  Saponaria 
were  boiled  several  times  with  10 — 20  times  their  weight  of  water  for 
half  an  hour.  Since  the  saponarin  is  confined  to  the  epidermis,  there 
is  no  advantage  in  powdering  the  leaves.  The  various  decoctions  were 
strained  through  linen  and  concentrated  on  the  water-bath  to  one- 
quarter  of  their  original  volume ;  they  were  next  acidified  with  acetic 
acid  and  left  standing  for  several  weeks,  during  which  time  a  grey 
deposit  was  slowly  formed,  the  saponins  present  hindei-ing  precipita- 
tion. The  precipitate  was  separated,  made  into  a  thin  cream  with 
water,  and  poured  into  a  hot  one  per  cent,  sodium  carbonate  solution 
(1  litre  per  kilogram  of  dry  leaves),  in  which  nearly  the  whole  of  the 
precipitate  dissolved  with  a  yellow  colour.  The  alkaline  solution  was 
so  dilute,  that  it  could  be  acidified  with  acetic  acid  without  causing 
any  immediate  precipitation  (because  of  the  presence  of  the  saponins). 
Neutral  lead  acetate  solution  was  then  added,  which  produced  a  bulky 
precipitate  of  gums  and  other  impurities.  These  were  separated  and 
the  acid  filtrate  was  left  standing  for  several  weeks  in  order  to  allow 
the  crude  saponarin  to  precipitate.  This  substance  has  a  tendency  to 
adhere  to  the  sides  of  glass  vessels.  It  still  contained  more  than  30  per 
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cent,  of  impurities ;  the  complete  elimination  of  these  was  at  first 
very  difficult,  for  the  glucoside  is  almost  or  quite  insoluble  in  nearly- 
all  organic  solvents.  It  could  to  some  extent  be  purified  by  repeated 
solution  in  alkalis  and  precipitation  by  acids,  when  it  separated  in 
minute  sphaero-crystals.  The  only  organic  solvent  available  was 
pyridine,  in  which  it  is  extremely  soluble  on  warming.  On  cooling, 
the  substance  does  not  separate  out,  even  when  a  large  quantity  of 
water  or  alcohol  is  added.  With  ether  and  light  petroleum,  an 
amorphous  precipitate  is  formed,  but  the  following  method  proved 
eminently  successful.  The  crude  saponarin  was  dissolved  in  boiling 
pyridine ;  the  dark  brown  solution  was  filtered  and  the  filtrate  was 
evaporated  in  a  vacuum  on  the  water-bath.  A  dark  syrup  remained 
behind,  which  retained  traces  of  pyridine  and  was  readily  soluble  in 
hot  water  (although  the  glucoside  itself  is  insoluble  in  water  containing 
pyridine).  The  aqueous  solution  was  diluted,  and  on  standing  deposited 
isolated  microscopic  needles  (not  sphaero-crystals,  as  when  an  alkaline 
solution  is  .acidified). 

The  needles  were  collected  on  a  hardened  filter  paper  by  means 
of  the  pump  and  washed  by  suspension  in  hot  water.  When 
dried  in  the  air,  saponarin  is  a  white  powder ;  after  being  dried 
in  a  vacuum  it  becomes  pale  yellow.  It  is  quite  insoluble  in  cold 
water,  but  readily  dissolves,  with  an  intense  yellow  coloration,  in 
dilute  solutions  of  caustic  alkalis  and  alkali  carbonates,  especially  on 
warming.  Hence,  if  boiled  for  some  time  in  a  glass  vessel,  a  little  is 
dissolved  by  the  alkali  of  the  glass.  The  glucoside  is  also  soluble  with 
a  bright  yellow  colour  in  concentrated  mineral  acids,  the  solution  in 
sulphuric  acid  showing  a  blue  fluorescence.  On  acidifying  an  alkaline 
solution  and  on  diluting  a  solution  in  concentrated  acids  with  water, 
the  yellow  colour  disappears,  but  the  glucoside  is  not  immediately 
precipitated  if  the  solution  is  dilute.  This  power  of  remaining  in  a 
state  of  pseudo-solution  is  a  characteristic  property  of  saj)onarin,  and  in 
this  condition  it  gives  with  iodine  in  potassium  iodide  the  blue  or  violet 
coloration  which  led  to  its  discovery.  This  coloration  disappears  on 
warming,  but  returns  again  on  cooling,  and  in  other  respects  closely 
resembles  that  j)roduced  by  iodine  and  starch ;  the  differences  are 
merely  quantitative,  in  the  sense  that  saponarin  has  by  far  the  smaller 
power  of  absorbing  iodine.  Accordingly  the  blue  colour  disappears 
completely  on  dilution  with  a  little  alcohol  or  much  water,  and  can 
then  be  regenerated  by  adding  starch  solution.  It  is  possible  to 
obtain  crystalline  saponarin,  coloured  blue  with  iodine,  by  allowing  a 
solution  of  the  glucoside  in  dilute  acetic  acid  containing  a  little 
iodine  to  evapoi^ate  slowly  on  a  watch-glass.  Blue  needles  separate 
out.  A  solution  of  saponarin  can  further  be  distinguished  from  a 
starch  solution  by  the  fact  that  it  is  coloured  reddish-brown  by  ferric 
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chloride  and  bright  yellow  by  alkalis.  Normal  lead  acetate  does  not 
precipitate  it,  but  basic  lead  acetate  gives  a  bulky,  yellow  precipitate. 
Saponarin  is  almost  or  quite  insoluble  in  nearly  all  organic  solvents. 
It  dissolves  to  a  small  extent  in  hot  glacial  acetic  acid  and  in  aniline, 
more  readily  in  the  chloroacetic  acids,  in  piperidine,  quinoline,  and 
phenylhydrazine ;  it  is  very  soluble  in  pyridine.  Wlien  heated  slowly, 
it  melts  and  decomposes  at  231 — 232"^,  but  if  the  bath  is  previously 
heated  to  230°  the  melting  point  is  236°. 

The  glucoside  is  laevorotatory.  A  solution  containing  0*924  gram 
in  100  c.c.  of  pyridine  gave  ao-0"73°  in  a  1-dcm  tube,  whence 
[a]D-7-90°. 

The  air-dried  substance  contains  water  of  crystallisation  which 
cannot  be  removed  by  heat  alone,  but  which  is  completely  expelled  on 
standing  for  a  week,  at  the  ordinary  temperature,  in  a  vacuum  over 
sulphuric  acid,  so  that  no  further  loss  occurs  when  the  substance  is 
heated  in  a  vacuum  at  100°.  The  anhydrous  substance  is  extremely 
hygroscopic ;  when  left  in  the  balance  case  for  half  an  hour,  it 
absorbs  the  whole  of  the  water  of  crystallisation  which  it  had  lost. 
On  this  account  some  difficulty  was  at  first  experienced  in  analysing 
the  anhydrous  substance,  and  the  boat  had  always  to  be  weighed 
enclosed  in  a  stoppered  weighing  bottle.  The  various  samples  were 
recrystallised  two  or  three  times  by  the  pyridine-water  method  and 
dried  in  a  vacuum. 

0-1883  gave  0-3706  COo  and  0-0862  HgO.  0  =  53-68  ;  H  =  5-09. 
0-1446  „  0-2846  CO2  „  0-0675  HgO.  C  =  53-68 ;  H  =  5'19. 
0-1192  „  0-2358  CO.,  „  0-0559  H.O.  0  =  53-95  ;  H  =  5-22. 
01714  „  0-3380  CO2  „  0-0784  H,"0.  0  =  53-78  ;  H  =  5-08. 
0-1465  „  0-2898  COo  „  0-0653  r"o.  0  =  53-95 ;  H  =  4-95. 
^21^24^12  requires  0  =  5385  ;  H  =  5-13  per  cent. 

The  water  of  crystallisation  in  the  air-dried  substance  was  deter- 
mined by  drying  in  a  vacuum  until  constant. 

At  the  ordinary  temperature  0-1854  lost  0-0131  HoO.  H2O  =  7-07, 

„      „         „  „  0-1580    „    00115  RA  H,,0  =  7-28. 

„      „         „  „  0-3529    „    0-0248  H^O.  HoO  =  7-03. 

At  100°  0-2553    „    00181  H^O.  H2O  =  7-09. 

The  air-dried  substance  was  also  analysed. 

1.  Oljtained  by  exposing  the  moist  substance  to  the  atmosphere: 
0-2166  gave  0-3942  00^  and  0-1105  H.O.     0  =  49-64  ;  H  =  5-67. 

2.  Obtained  by  exposing  the  anhydrous  substance  to  the  atmosphere  : 
0-1735  gave  03216  00^  and  00846  HgO.     0  =  50-55  ;  H  =  5-42. 

C2iU2^0i2,2H2(J  requires  II2O  =  7-14. "  0  =  50-00  ;  H  =  5-56  per  cent. 
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Tlie  molecul;ir  weight  was  determined*  in  pyridine  solution  (a)  with 
the  substance  dried  at  100°  :  0299  gram  in  2-96  grams  of  pyridine  was 
between  0'223  and  0"238  moL,  benzil  as  standard,  ordinary  tempera- 
ture, hence  M  =  424 — 453,  mean  438  ;  (6)  with  the  substance  dried  in 
a  vacuum,  the  pyridine  dried  over  caustic  potash  :  0"209  gram  in  1*98 
grams  pyridine  was  between  0*22  and  0*23  mol.,  benzil  as  standard, 
temperature  90°,  hence  M  =  459— 480,  mean  469. 

Cg^Hg^Ojo  requires  468. 

The  lead  salt  was  also  analysed.  It  was  prepared  by  precipitating 
a  solution  of  the  glucoside  in  dilute  ammonia  with  neutral  lead  acetate, 
filtering,  and  washing  the  yellow  precipitate  by  suspension  in  hot 
water.  The  lead  salt  was  dried  in  a  vacuum  until  constant  in  weight 
and  completely  decomposed  by  heating  with  fuming  nitric  acid  in  a 
sealed  tube,  the  lead  being  then  estimated  as  sulphate. 

0-3489  gave  0-2444  PbSO^.     Pb  =  47-8. 

CoiHoQOjoPb^  requires  Pb  =  47-2  per  cent. 


Ennea-acetylsaponarin. 

The  glucoside  is  readily  acetylated  by  boiling  for  a  few  seconds  with 
a  large  excess  of  acetic  anhydride  and  a  few  drops  of  concentrated 
sulphuric  acid.  The  acetyl  derivative  is  easily  soluble  in  hot  alcohol 
and  crystallises  on  cooling  in  microscopic,  curved  needles,  melting  at 
183—185°.  It  is  extremely  soluble  in  ethyl  acetate,  benzene,  and 
chloroform,  and  was  purified  by  dissolving  in  ethyl  acetate,  which  leaves 
a  small  quantity  of  an  impurity  behind,  and  then  crystallising  from  a 
dilute  solution  in  alcohol;  0-915  gram  in  10  c.c.  of  ethyl  acetate  gave, 
in  a  1-dcm.  tube,  ao  -4-90°,  whence  [ajn  -5-33°. 

0-1436  gave  0-2911  COo  and  0-0618  H^O.     C-55-29  ;  H  =  4-78. 
0-2078    gram  in   0-8586    gram    of   ethyl    acetate  was  intermediate 
between  0-2875  and  0-300  mol.  benzil. 

Hence  M  =  807— 842,  mean  =  825. 
<^2iHi50i2(CoH30)9  requires  C  =  55-32  ;  H  =  4-96  per  cent.    M  =  846. 

The  number  of  acetyl  groups  was  determined  by  A.  G.  Perkin's 
ethyl  acetate  method  (Trans.,  1905,  87,  107). 

1.  0-4246  gram  gave  0-2748  gram  acetic  acid  =  64-8. 

2.  0-7223      „        „     0-4632      „         „        „     =  64-1. 
Theory  for  nine  acetyl  groups  requires  63-8  per  cent. 

*  All  molecular  weight  determinations  in  this  paper  were  made  by  the  author's 
microscopic  method  (Trans.,  1904,  85,  286  ;  1905,  87,  1756). 
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Acetyl-saponarin  does  not  give  a  blue  colox-ation  with  iodine,  neither 
is  it  coloured  by  alkalis  or  ferric  chloride.  When  boiled  with  acids  iu 
alcoholic  solution,  the  acetyl  groups  are  not  only  eliminated,  but  the 
glucoside  itself  is  hydrolysed.  Saponarin  was,  however,  easily  recovered 
by  pouring  the  alcoholic  solution  of  the  acetyl  compound  into  hot 
dilute  caustic  soda  solution,  which  was  kept  stirred.  The  acetyl  com- 
pound is  thus  precipitated  in  a  finely-divided  condition  and  at  once 
undergoes  saponification,  the  glucoside  dissolving  with  a  yellow  colour. 
On  acidifying,  the  saponarin  is  precipitated,  and  on  recrystallisation 
from  pyridine  and  water  is  found  to  be  identical  with  the  purest 
saponarin  previously  obtained,  melting  at  exactly  the  same  tempera- 
ture. 

Hydrolysis  oj  Saponarin ;  Formation  of  Vitexin  and  Saponaretin. 

When  saponarin  is  boiled  with  dilute  mineral  acids  it  is  slowly 
hydrolysed  according  to  the  equation  : 

C21H24O1,  -f-  H,0  =  C\,H,  A  +  CoHj  A- 

A  sugar  is  formed  which  reduces  Fehling's  solution  and  gives  an 
osazone  melting  at  205'^.  This  osazone,  after  recrystallisation  from 
alcohol,  was  mixed  with  an  equal  quantity  of  pure  glucosazone,  and 
the  melting  points  of  the  mixture  and  of  both  constituents  wei'e 
determined  simultaneously  and  found  to  be  identical.  The  sugar  is 
therefore  glucose.  In  accordance  with  its  glucosidic  nature,  saponarin 
gives  Molisch's  furfuraldehyde  reaction  with  sulphuric  acid  and 
a-naphthol  or  thymol. 

An  estimation  (by  Fehling's  solution)  of  the  amount  of  sugar 
produced  did  not  yield  a  very  satisfactory  result.  As  usual  in  such 
cases,  it  fell  considerably  short  of  the  theoretical  quantity. 

1*2692  gram  saponarin,  dried  in  a  vacuum,  gave  on  hydrolysis 
0"4253  gram  glucose  —  33"5. 

Cg^Hg^Ojg  requires  glucose   =  38 "5  per  cent. 

The  isolation  of  the  phenolic  product  of  the  hydrolysis  was  attended 
with  much  difliculty,  as  it  appeared  for  the  most  part  as  an  un- 
crystallisable  resin,  however  much  the  conditions  were  varied.  The 
best  results  were  obtained  by  boiling  10  grains  of  the  glucoside  for 
sixteen  hours  with  200  c.c.  of  2  per  cent,  sulphuric  acid.  The 
saponarin  was  slowly  dis.solved,  forming  a  dark  yellow  solution,  whicli 
at  first  still  gave  the  blue  coloration  with  iodine.  When  this  reaction 
was  no  longer  obtained,  a  small  quantity  of  a  black,  resinous  decomposi- 
tion product  was  separated  and  the  solution  was  cooled.  Oily  drops 
appeared  and,  on  standing  for  some  hour.s,  collected  at  tlie  bottom  of 
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the  flask  as  a  viscid,  brown  mass.  The  aqueous  solution  was  decanted 
and  the  brown  syrup  dissolved  in  a  little  absolute  alcohol.  On  stand- 
ing, the  alcoholic  solution  deposited  a  small  quantity  of  a  crystalline 
substance,  which  was  ultimately  found  to  be  identical  with  vitexin,  a 
colouring  matter  obtained  by  A.  G.  Perkin  from  the  dye-wood  of  the 
Is^ew  Zealand  tree  Vitex  littorcdis  (Trans.,  1898,  73,  1030;  and  1900, 
77,416). 

After  decantation,  the  sulphuric  acid  in  the  aqueous  solution  was 
precipitated  with  baryta.  On  separating  the  barium  sulphate,  the 
solution  was  found  to  be  dark  yellow,  owing  to  a  vei-y  slight  excess  of 
baryta  having  been  employed,  which  formed  a  salt  of  the  coloui^ing 
matter,  but  left  the  solution  neutral  to  litmus.  On  boiling,  this 
solution  also  deposited  a  quantity  of  vitexin,  which  at  first  separated 
in  isolated  characteristic  leaflets,  as  from  the  alcoholic  solution  already 
referred  to.  Later,  groups  of  such  leaflets  and  sphaero-crystals  were 
formed,  of  a  much  darker  (brown)  colour.  The  highest  yield  of 
vitexin  obtained  in  several  experiments  only  amounted  to  1 3  per  cent, 
of  the  theoretical.  It  was  often  much  lower,  and  this  poor  yield 
suggested  that  vitexin  was  present  as,  or  derived  from,  an  impurity  in 
the  saponarin  employed.  Accordingly  1  gram  of  a  sample  of  the 
glucoside,  which  had  been  purified  for  analysis  by  two  crystallisations 
from  pyridine  water  and  consisted  entirely  of  isolated  needles,  was 
hydrolysed  with  2  per  cent,  sulphuric  acid.  This  sample  also  yielded 
more  than  10  per  cent,  of  vitexin,  so  that  the  latter  substance  is  un- 
doubtedly a  product  of  the  hydrolysis  of  saponarin. 

The  rest  of  the  glucoside  had  been  converted  into  another  amorphous 
substance,  which  remained  dissolved  in  the  alcohol,  and  may  be  called 
saponaretin  (in  analogy  to  saliretin). 

Often,  especially  if  the  alcohol  is  dilute,  some  of  the  saponaretin 
was  eventually  deposited  along  with  the  vitexin  as  a  spongy,  yellow 
mass.  A  separation  can,  however,  be  readily  effected  by  means  of 
boiling  alcohol,  which  dissolves  the  amorphous  saponaretin  and  leaves 
the  crystals  of  vitexin  behind. 

Vitexin  [from  Saponarin). 

This  substance  crystallises  in  microscopic,  rhomb-shaped,  glistening 
plates  of  a  pale  yellow  colour,  melting  at  260°  with  characteristic 
frothing.  The  bath  was  heated  to  240°  before  the  introduction  of  the 
substance.  Vitexin  is  soluble  in  water,  and  slightly  so  in  alcohol. 
Like  the  parent  substance,  saponarin,  it  readily  dissolves  in  pyridine, 
and  in  dilute  alkali  with  a  golden-yellow  colour.  The  solubility  in 
boiling  alcohol  is  so  small  that  this  is  not  a  satisfactory  solvent  for  I. 
recrystallisation.     This  difliculty  can  be  overcome   by  acidifying  ani 
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alkaline  solution  in  hot  alcohol  with  acetic  acid,  but  better  results  are 
obtained  by  dissolving  in  pyridine,  adding  a  little  water,  and  extracting 
repeatedly  with  light  petroleum  until  cxy stall isation  takes  place  in  the 
aqueous  layer.  With  ferric  chloride,  its  alcoholic  solution  gives  the 
same  reddish-brown  coloration  as  saponarin  itself,  but  it  does  not  give 
the  blue  coloration  with  iodine.  The  substance  contains  no  water  of 
ci-ystallisation.  For  analysis  it  was  dried  in  a  steam  oven,  and  then 
did  not  undergo  a  further  loss  of  weight  when  dried  in  a  vacuum  at 
100°. 

0-1395  gave  0-3022  CO.,  and  00606  HgO.     C  =  5908;  H=4-83. 
0-0922     „     0-1993  COo     „    0-0395  R,0.     C  =  58-95  ;  H  =  4-75. 
0^511^407  requires  C  =  58-82  ;  H  =  4-57  per  cent. 

The  molecular  weight  was  determined  at  the  ordinary  temperature 
in  pyridine  solution. 

A  solution  of  00634  gram  in  1*849  grams  pyridine  was  intermediate 
between  0-103  and  0-1065  mole.,  azobenzene  as  standard. 

Hence  M  =  327;  Ci^Hi^O^  requires  306. 

Acetylvitexin. 

As  Perkin  observed,  the  acetylation  of  vitexin  proceeds  best  in  the 
absence  of  sodium  acetate  ;  he  therefore  boiled  the  substance  with 
acetic  anhydride  for  six  hours.  If,  however,  a  few  drops  of  sulphuric 
acid  are  added,  the  change  is  complete  in  a  few  seconds. 

The  acetyl  derivative  is  white,  diiEcultly  soluble  in  hot  alcohol, 
readily  soluble  in  glacial  acetic  acid,  and  crystallises  from  the  latter 
solvent  in  stout,  microscopic  crystals  melting  at  257 — 258°. 

0-1533  gave  0-3256  CO,  and  0-0648  H2O.     0  =  57-93;  H-4-70. 
CyJI^O^iC^UsO)^  requires  C  =  58-14;  H  =  4-65  percent. 

The  molecular  weight  was  determined  in  chloroform  solution,  using 
azobenzene  as  standard.  0'3076  gram  dissolved  in  3*135  grams  of 
chloroform  was  intermediate  between  0-18  and  0'19  mole.  Hence 
M  =  516— 545,  mean  530. 

C'i5HgO-(C2H30)5  requires  M  =  516. 

The  number  of  acetyl  groups  was  determined  by  Perkin'a  ethyl  acetate 
method  : 

0-4006  gave  0'2292  acetic  acid  »  57-2; 

and  also  by   weighing  the  regenerated  vitexin  (in  a  Gooch  crucible) 

0-2040  gave  01194  vitexin  =  58-5. 

4  L  2 
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Theory  for  five  acetyl  groups  requires  acetic  acid  =  581  and  vitexin 
—  59 'o  per  cent. 

The  same  acetyl  derivative  is  obtained  by  the  use  of  acetyl  chloride 
in  pyridine  solution. 

Sa2)onaretin. 

This  substance  is  the  chief  product  when  saponarin  is  hydrolysed 
with  dilute  acids.  Most  of  it  sepai'ates  from  the  acid  solution  on  cool- 
ing in  the  form  of  a  dark  yellow  syrup,  and  can  be  freed  from  accom- 
panying vitexin  by  alcohol  as  already  described.  If  the  alcoholic 
solution  after  separation  of  the  vitexin  is  evaporated  on  the  water- 
bath  in  a  vacuum,  a  viscous  syrup  is  left  behind,  but  if  this  is  re- 
dissolved  in  absolute  alcohol  and  again  evaporated,  so  as  to  remove  all 
the  water,  the  saponaretin  can  be  obtained  as  a  light  yellow  powder. 

After  most  of  the  saponaretin  has  been  deposited  as  a  thick  syrup 
from  the  acid  solution  on  cooling,  further  quantities  separate  out  in 
the  course  of  a  few  days  as  a  pale  yellow  solid,  which  consists  of 
minute,  sphaei'O-crystals  embedded  in  a  gelatinous  matrix.  After 
filtering  it  can  be  purified  by  redissolving  in  boiling  water  and  allow- 
ing to  cool,  when  it  separates  again  in  the  same  form,  without  ever 
assuming  a  definitely  crystalline  form.  When  the  moist  substance  is 
heated,  it  melts  below  100°  and  forms  a  resin.  If,  however,  it  is  first 
dried  at  the  ordinary  temperature  in  a  vacuum,  the  jelly  shrinks  very 
much  and  darkens.  It  can  then  be  heated  without  melting  to  above 
200°,  and  it  is  gradually  decomposed  at  a  higher  temperature  without 
showing  a  true  melting-  point.  Saponaretin  has  not  yet  been  obtained 
pure.  From  its  hot  aqueous  solution  it  separates  as  a  syrup,  from  a 
cold  solution  as  a  jelly.  In  alcohol  it  is  extremely  soluble,  and,  although 
crystals  are  formed  when  a  concentrated  solution  is  allowed  to 
evaporate  slowly,  these  crystals  could  not  be  freed  from  the  mother 
liquor.  Saponaretin  is  insoluble  in  most  other  organic  solvents,  and 
from  mixtures  of  such  solvents  with  alcohol  it  always  separates  as  a 
jelly. 

On  acetylation,  a  very  soluble  acetyl  compound  is  obtained  which 
melts  at  a  low  temperature  and  could  not  be  crystallised,  nor  could 
other  crystalline  derivatives  be  isolated. 

In  other  respects  the  substance  closely  I'esembles  vitexin,  for  instance, 
in  its  behaviour  with  alkalis  and  with  ferric  chloride. 

At  first  it  was  supposed  that  the  two  substances  differed  by  a 
molecule  of  water,  but  saponaretin  also  seems  to  have  the  formula 
Cj^Hj^O^,  although,  as  the  substance  was  amorphous,  conclusive  proof 
is  wanting.  For  analysis,  the  substance  was  twice  allowed  to  separate 
in  the  gelatinous  condition  from  water,  and  was  then  dried  in  air  and 
finally  in  a  vacuum  over  sulphuric  acid,  when  it  underwent  a  fiu'ther 
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considerable  loss  of  weight.  As  in  the  case  of  saponarin,  saponaretin 
is  very  hygroscopic,  so  that  the  boat  had  to  be  weighed  while  enclosed 
in  a  stoppered  tube. 

0-2062  gave  0-4412  CO^  and  0-0853  H^O.     C  =  58-36  ;  H  =  4-60. 

0-1221     „     0-2595  CO2    „     0-0527  HgO.     C  =  57-97 ;  H  =  4-7S. 

CjjHj^O^  requires  C  =  58-82  ;  H  =  4-57  per  cent. 

When  dried  at  1 30 — 1 60°,  the  substance  loses  a  little  more  water  and 
corresponds  with  the  formula  CjgHjgOgjI^HgO,  but  prolonged  heating  at 
this  temperature  decomposes  saponaretin,  and  in  no  case  did  it  approxi- 
mate to  the  formula  CjgHj.^Og. 

It  may  be  that  saponaretin  is  identical  with  Perkin's  homovitexin, 
to  which  he  assigns  the  formula  C^gH^gO-  or  CjgH^gOg.  Both  sub- 
stances differ  from  vitexin  in  being  readily  soluble  in  boiling  alcohol ; 
the  composition  of  saponaretin  dried  at  160°  approximates  to  that  of 
homovitexin.  Both  substances  yield,  on  fusion  with  caustic  alkali, 
phloroglucinol  and  ^j-hydroxybenzoic  acid.  Both  separate  from  the 
vitexin  mother  liquor  on  exposure  to  air  as  an  amorphous  product,  but 
homovitexin  was  finally  obtained  by  Perkin  in  a  crystalline  form. 

Decomposition  hy  Caustic  Alkcdi. 

Caustic  potash  (7  grams),  to  which  a  little  water  had  been  added,  was 
melted  in  a  nickel  crucible  and  finely-powdered  saponarin  (16  grams) 
was  gradually  dropped  in.  The  temperature  was  kept  between 
190°  and  200°.  After  each  addition  of  the  glucoside,  the  fused  mass 
was  stirred  with  a  platinum  wire.  The  fused  mass,  which  was  dull  red, 
was  dissolved  in  water,  acidified  with  hydrochloric  acid,  and  extracted 
with  ether ;  the  ethereal  solution  was  shaken  with  sodium  carbonate 
and  then  evaporated.  It  left  a  minute  quantity  of  a  substance  readily 
soluble  in  water,  which  reddened  a  pine  wood  splinter,  previously 
dipped  in  hydrochloric  acid ;  the  presence  of  phloroglucinol  was  thus 
indicated.  The  sodium  carbonate  solution  on  acidification  and  extrac- 
tion with  ether  gave  a  crystalline  acid,  which  was  recrystallised  from 
water  containing  a  little  animal  charcoal  and  then  melted  at  210°. 
With  ferric  chloride,  no  coloration,  but  a  yellow  precipitate,  was  pro- 
duced. When  rapidly  heated,  phenol  was  formed,  and  was  detected  by 
its  odour  and  by  the  tribromophenol  test.  The  substance  was  evidently 
yj-hydroxybenzoic  acid. 

The  quantity  available  was  used  for  the  determination  of  the  water 
of  crystallisation. 

0-0574  of  the  air-dried  crystals  lost  0-0069  gram  >#ien  heated  to 
110°.     Hence  H20=  120. 

CyHg03,H20  requires  11^0:^  11-5  per  ceut. 
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A  larger  quantity  of  the  acid  was  then  prepared  in  the  same  way  and 
analysed  : 

0-] 398  gave  0-3102  COg  and  0-0539  HgO.     C  =  60-51  ;  H  =  4-28. 
C^HgOg  requires  C  =  60-87  ;  H  =  4-34  per  cent. 

Although  sufficient  of  the  acid  was  thus  obtained,  the  amount  of 
the  other  substance  (phloroglucinol)  was  too  small  for  identification, 
BO  that  experiments  were  next  made  with  aqiieous  caustic  alkali. 

Several  grams  of  saponaretin  were  boiled  for  one  and  a  half  hours 
with  a  solution  containing  equal  parts  of  caustic  potash  and  water. 
At  the  end  of  that  time,  the  solution  no  longer  became  bright  yellow 
on  diluting  with  water.  It  was  slightly  acidified,  neutralised  with 
sodium  bicarbonate,  and  extracted  with  ether.  The  bicarbonate  solu- 
tion was  found  to  contain  a  little  ^j-hydroxybenzoic  acid.  The 
ethereal  extract  left  a  residue,  which  gave  a  very  intense  crimson 
coloration  with  pine  wood.  This  residue  was  recrystallised  from  water 
containing  animal  charcoal,  and,  on  standing  in  a  vacuum,  needles 
which  did  not  give  the  pine  wood  reaction  appeared,  and  finally  a  few 
large,  stout  prisms  were  obtained,  which  effloresced,  gave  an  intense 
crimson  colour  with  pine  wood  and  with  vanillin,  a  bluish-violet 
colour  with  ferric  chloride,  and  melted  at  214°.  Doubtless  this  sub- 
stance was  phloroglucinol.  In  an  attempt  to  recrystallise  the  needles 
which  accompanied  the  phloroglucinol,  they  melted  in  boiling  water. 
On  leaving  the  aqueous  solution  in  a  vacuum,  stout,  glassy  prisms 
melting  at  106°  were  obtained. 

The  substance  was  prepared  in  the  pure  state  by  recrystallisation 
from  benzene;  it  then  melted  at  108°.    It  was  p-hydroxyacetophenone. 

0-1108  gave  0-2860  CO^  and  0-0575  HgO.     C^  70-40;  H  =  5-77. 
CgHgOa  requires  C  =  70-59  ;  H  =  5-88  per  cent. 

The  substance  gave  with  ferric  chloride  a  bi-ownish-violet  coloration. 
The  semicarbazone  Avas  prepared  and  melted  at  199°  ;  the  benzoyl 
derivative  melted  at  134°. 

The  ^j-hydroxybenzoic  acid  produced  by  the  fusion  with  potash  is 
formed  by  secondary  decomposition  of  the  ^^-hydroxyacetophenone. 

Identity  of  the  Vitexin/rom  Saponaria  with  that  from  Vitex. 

Mr.  A.  G.  Perkin,  who  was  good  enough  to  read  this  paper  in 
manuscript  before  the  identity  of  the  two  substances  was  suspected, 
pointed  out  their  close  resemblance,  and  sent  the  author  a  small 
specimen  of  vitexin,  the  absolute  purity  of  which  he  could  not 
guarantee.  The  probabiliiy  of  the  two  substances  being  identical  was 
at  once  evident  from  the  following  comparison  of  their  properties. 
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Vitexin.  Substance  from  Saponarin. 

CgiHooOi,^  or  C15H14O7,  melts  at  CjjHj^Oy,  melts  at  260°. 

264—265°. 

Prismatic  or  hair-like  needles  of  Pale  yellow,  glistening  plates. 

a  canary-yellow  colour. 

Hepta-  or  penta-acetyl  derivative  Penta-acetyl  derivative   melts  at 

melts  at  251 — 256°.  252°,  after  a  second  crystallisa- 
tion at  257—258°. 

Both  substances  give  in  alcoholic  solution  with  ferric  chloride  the 
same  reddish-brown  coloration,  dissolve  in  alkali  with  a  light  yellow 
colour,  yield  on  hydrolysis  with  caustic  potash  phloroglucinol  and 
^j-hydroxyacetophenone,  are  reduced  by  sodium  amalgam  to  a  brown 
solution,  which  turns  scarlet  on  neutralisation,  and  both  dissolve  in 
sulphuric  acid  in  the  cold  to  a  pale  yellow  solution,  which  becomes  dull 
olive-green  on  heating. 

The  chief  differences  were  in  the  formulae  assigned  to  the  two  sub- 
stances, and  in  their  crystalline  form.  Perkin  had  adopted  the 
formula  Cj^HoqOjq,  because  he  obtained  from  his  substance  tetra- 
nitroapigenin,  and  regarded  vitexin  as  a  very  stable  glucoside  of 
apigenin  (CjgHjQO^).  He  did  not,  however,  determine  the  molecular 
weight  of  the  substance.  This  determination  was  therefore  attempted 
with  the  minute  specimen  received  from  Mr.  Perkin,  using  pyridine, 
the  only  solvent  in  which  vitexin  is  readily  soluble.  0"0466  gram  in 
0"6726  gram  pyridine  was  intermediate  between  0'24  and  0*25  mole., 
using  benzil  as  standard.     Hence 

^    ^   0-0466  X 1000    ^    ^gg 
0^"726'x'0-245 

CjjHj^O-.  requires  306. 

The  specimen  was  dark  yellow  and  crystallised  in  sphaerites,  but  it 
was  not  perfectly  pure.  In  order  to  recrystallise  it,  a  few  drops  of 
water  were  added  to  the  pyridine  solution  used  in  the  molecular  weight 
determination. 

As  in  the  case  of  saponarin,  the  addition  of  water  did  not  produce  a 
precipitate,  but  when  nearly  all  the  pyridine  had  been  removed  by 
shaking  with  light  petroleum,  crystallisation  began  in  the  lower 
(aqueous)  layer.  The  substance  now  separated  in  isolated,  glisteniug 
leaflets  which  had  been  found  to  be  so  characteristic  of  the  substance 
obtained  from  saponarin. 

The  substance  was  light  yellow  and  melted  at  260°  when  placed  in 
the    bath    at    240°    and    rapidly    heated.     Vitexin,    obtained    from 
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saponarin  and  purified  in  the  same  way,  also  melted  at  this  temperature, 
as  did  a  mixture  of  the  two  substances  in  equal  proportions.  The 
difference  from  the  melting  point,  or  rather  from  the  temperature  of 
decomposition,  given  by  Perkin  (264 — 265°),  is  probably  not  due  to 
an  impurity,  but  to  differences  in  manipulation,  and  the  identity  of  the 
two  substances  is  therefore  well  established. 

Mr.  Perkin  verj'  kindly  examined  the  tinctorial  properties  of  the 
vitexin  from  both  sources  and  of  saponaretin.  The  three  specimens 
gave  similar  greenish-yellow  shades  on  woollen  cloth,  with  chromium 
as  mordant,  and  pale  brown  shades  with  iron ;  all  three  possessing 
only  slight  tinctorial  properties. 

Constitution  of  Vitexin. 

The  production  of  phloroglucinol  and  ^)-hydroxyacetophenone  by  the 
action  of  caustic  alkali,  and  especially  the  production  of  tetranitro- 
apigenin  by  the  action  of  nitric  acid  on  vitexin,  proved  that  this 
substance  is  closely  related  to  apigenin,  as  Perkin  pointed  out  (Trans,, 
1898,73, 1030),  suggesting  that  it  might  be  apigenin  with  a  side  chain 
attached  ;  later  (Trans.,  1900,  77,  422),  he  regarded  this  side  chain  as 
a  sugar,  and  vitexin  as  a  very  stable  glucoside  of  apigenin.  The 
molecular  Aveight  determination  of  vitexin  (from  both  sources)  and  of 
acetylvitexin,  together  with  the  production  of  vitexin  by  hydrolysis 
from  saponarin,  prove  that  vitexin  has  only  the  formula  C^gH^^O^,  so 
that  there  can  be  no  side  chain.  Yitexin  therefore  only  differs  from 
apigenin  by  the  elements  of  two  molecules  of  water.  That  apigenin  is 
1:3:  4'-trihydroxyflavone, 

I  I  llfT  \ — / 

OH    ^^ 

has  been  established  by  the  researches  of  Perkin  and  by  the  synthesis 
due  to  Czajkowski,  von  Kostanecki,  and  Tambor  {Ber.,  1900,33,  1988). 
The  two  additional  hydroxyl  groups  which  vitexin  contains  are  very 
likely  not  in  either  of  the  two  benzene  nuclei ;  for  otherwise  it  is 
difficult  to  understand  the  fission  into  phloroglucinol  and  ^>hydroxy- 
benzoic  acid.  Hence,  these  two  hydroxyls  would  appear  to  be  in  the 
pyrone  ring  or  in  a  chain  which  can  give  rise  to  it  (in  the  formation  of 
tetranitroapigenin).  This  would  lead  to  a  reduced  flavanone 
formula : 

O 


OH/    Y    \(^(0H)— /        >0H 
CH-OH    ^ 


OH    CH-OH 
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or  to  the  corresponding  reduced  chalkone  formula  : 

oh/Noh 


'       iCO-CH(OH)-CH(OH)-/       NOH. 


OH 

Both  these  formulae  contain  six  hydroxy!  groups,  whereas  both 
Perkin's  determinations  and  those  of  the  author  show  that  there  are 
but  five  acetyl  groups  in  acetylvitexin.  As  the  number  of  hydroxyl 
groups  is  unusually  large,  it  may  be  that  one  escapes  acetylation. 
Acetylsaponarin  contains  nine  acetyl  groups.  Assigning  to  the 
glucose  part  of  the  molecule  the  structure  of  an  ay-anhydride,  this 
would  have  four  hydroxyl  groups ;  the  vitexin  part  would  therefore 
have  five,  and,  after  hydrolysis,  six,  hydroxyl  groups.  The  formation 
of  jo-hydroxyacetophenone  from  an  u/3-hydroxypyrone  compound  of  the 
type  figured  would  probably  take  place  through  the  elimination  of 
water,  yielding  the  complex  CH2lC(0H)'C^H^*0H,  the  process  being 
analogous  to  the  formation  of  leevulic  acid  from  dextrose.  Mr.  Perkin 
has,  by  letter,  raised  objections  to  the  above  constitution  for  vitexin, 
and  has  suggested  the  presence  of  a  reduced  phloroglucinol  nucleus, 
which  would  lead  to  a  formula  of  the  following  type,  with  five  hydroxyl 
groups  : 

H      O 

OH  CO 

The  .study  of  vitexin  is  complicated  by  the  difficulty  experienced,  by 
Perkin  as  well  as  by  the  author,  of  preparing  crystalline  derivatives 
other  than  the  acetyl  compound.  Numerous  attempts  were  made  to 
prepare  a  crystalline  azobenzene  derivative  and  an  alkyl  ether  ;  in  the 
former  case,  a  resinous  product  was  formed,  and  in  the  latter  the  reaction 
was  very  slow  and  incomplete,  whether  methyl  iodide  or  dimethyl 
sulphate  were  used. 

Vitexin  seems  to  belong  to  a  new  class  of  colouring  matters  which 
are  closely  allied  to  the  flavone  group,  and  differ  from  the  correspond- 
ing flavone  derivatives  by  two  molecules  of  water.  Scoparin,  which, 
according  to  Perkin,  is  probably  methoxy  vitexin,  would  also  belong  to 
this  group. 

Whether  saponaretin  is  a  chalkone  derivative  corresponding  to 
vitexin,  or  whether  it  is  identical  with  homovitexin,  cannot  at  present 
be  determined,  nor  is  it  known  if  the  glucoside  in  Vitex  liUoralis,  from 
Avhich  vitexin   is  formed  by   hydrolysis,  is  identical  with   saponarin. 
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In  conclusion,  the  author  gratefully  acknowledges  his  indebtedness  to 
Mr.  A.  G.  Perkin,  F.R.S.,  for  a  specimen  of  vitexin,  for  having  carried 
out  some  dyeing  experiments,  and  especially  for  his  valuable  ci'iticism 
after  reading  this  paper  in  manuscript. 

The  Wellcome  Physiological  Research  Laboratories, 
Herne  Hill,  London,  S.E. 


CXXIV. — The  Action  of  Ethyl  Iodide  and   of  Projyyl 

Iodide   on   the   Disodium    Derivative   of  Diacetyl- 

acetone. 

By  Alexander  William  Bain,  B.A.,  B.Sc. 

The  present  research  was  undertaken  with  the  view  of  determining 
how  the  basicity  of  dimethylpyrone  would  be  affected  by  the  intro- 
duction of  alkyl  groups  into  the  molecule. 

Collie  and  Steele  (Trans.,  1900,  77,  961)  attempted  to  prepare  tetra- 
methylpyrone  by  the  action  of  methyl  iodide  on  the  disodium  deriv- 
ative of  diacetylacetone ;  the  yield  of  this  substance,  however,  was  very 
small,  and  other  substances  were  also  obtained. 

It  was  with  the  expectation  that  the  course  of  the  reaction  would 
be  less  complex  and  the  yields  perhaps  better,  that  the  action  of  ethyl 
iodide  and  ?i-propyl  iodide  on  the  disodium  derivative  of  diacetylacetone 
was  studied. 

In  the  case  of  ethyl  iodide,  it  was  anticipated  that  the  main 
reaction  would  be  similar  to  that  by  which  tetramethylpyrone  was 
obtained,  and  that  the  chief  product  would  be  dimethyldiethylpyrone, 
thus  : 


CH:C(0Na)-0H3                  CH:C(0Et)-CH3  CEtlC-CHg 

CO  -^     CO  _>     CO    O          , 

CH:C(0Na)-CH3                  CH:C(0Et)-CH3  CEt:C-CH3 

Disodium  derivative  of                      Dietliyldiacetyl-  Dimethyldiethyl- 

diacetylacetone.                                  acetone.  pyioue. 

which  might  be  expected  to   have  similar  general  properties  to  di- 
methylpyrone. 

In  the  first  preparation,  however,  contrary  to  all  expectation,  the 
main  product  was  not  dimethyldiethylpyrone,  but  an  oil  which  dis- 
tilled without  decomposition  at  289°  under  the  atmospheric  pressure, 
and  which  gave  none  of  the  reactions  by  which  dimethylpyrone  is 
characterised.  After  long  standing,  the  substance  solidified  to  a  pale 
yellow  solid  of  low  melting  point. 
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On  warming  with  sodium  hydroxide,  alcohol,  and  chloroform,  it 
gave  the  orcinol  reaction,  namely,  a  deep  red  coloration,  and  the 
mixture  on  dikition  with  water  showed  a  beautiful  green  fluorescence. 

Analysis  agreed  with  the  formula  CoH^gOg,  which  showed  that  it 
was  isomeric  with  dimethylethylpyrone. 

In  four  successive  preparations,  good  yields  of  this  compound  were 
obtained,  but  it  was  only  after  long  trial  that  the  dimethylethyl- 
pyrone and  dimethyldiethylpyrone  were  isolated  in  any  considerable 
quantity,  the  conditions  of  experiment  determining  the  production  of 
this  derivative  on  the  one  hand,  or  the  mono-  and  di-ethyl  derivatives 
on  the  other.  As  in  the  case  of  the  compounds  obtained  by  the  action 
of  acetyl  chloride  on  the  disodium  derivative  of  diacetylacetone 
(Collie,  Trans.,  1904,  85,  971),  so  in  the  case  of  the  similar  substances 
formed  by  the  action  of  ethyl  iodide,  the  formula  hitherto  adopted  for 
dimethylpyrone,  namely, 

p^^CH:CMev^p. 
^^^CHICMe-^^' 

seems  to  be  quite  inadequate  for  the  explanation  of  the  formation  of 
such  compounds,  and,  indeed,  is  quite  at  variance  with  the  properties  of 
dimethylpyrone. 

The  new  formula  suggested  by  Collie  (Trans.,  1904,  85,  971), 
namely, 

^CH-CMe^ 

c^ — o — 50, 

\CH:CMe/ 

which  agrees  with  the  observed  properties  of  this  substance  and 
accounts  for  its  very  high  refractive  index,  makes  the  way  clear  for 
similar  suggestions  as  to  the  formulcC  and  the  course  of  the  reactions 
in  the  present  investigation. 

The  formation  of  the  compound  isomeric  with  dimethylethyl- 
pyrone may  be  explained  by  the  interaction  of  ethyl  iodide  and 
the  monosodium  derivative  of  diacetylacetone,  which  takes  place 
probably  thus  : 

C(0H)<^J^:g|gJj3)>0.0Na  +  EtI      -^ 

Monosodium  derivative  of 
diacetylacetone. 

C(0H)<^g:^|^g3)>0-0Et  +  Nal. 

Monoethyl  derivative  of 

diacctylacntoue. 

Keairangement  and  subsequent  loss  of  water  take  place,  when  we 
have  : 
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OEt     OH  i  OHi     Et  H  OH 


i I  ^  -^  --I 


-> 


I  I     I 


CH3-C:CH-C:CH-CO-CH3  ^       CH3-C==C-C(OH):C-C:CH2 

-->       C(OH)<^jj.^^.(,jj^^>0. 

The  experiments  made  with  the  substance  suggest  that  its  constitu- 
tion is  best  represented  by  the  tautomeric  form  : 

^CEt CMe<^ 

C^ 0 ^O. 

The  formation  of  the  monosodium  derivative  mentioned  above  is 
possibly  due  to  the  interaction  of  ethyl  iodide  on  the  hydrated 
disodium  derivative  of  diacetylacetone.  This  substance,  after  heating 
on  the  water-bath  under  diminished  pressure,  has  the  composition 
CyHgOgNagiHgO,  and  it  may  react  thus : 

C7Hs03Na2,H20  +  EtI  =  C^HgOgNa  +  Nal  +  EtOH. 

Also  the  formation  of  an  orcinol  derivative  by  the  action  of  sodium 
hydroxide  solution  on  the  compound  may  be  represented  thus  : 


rroTTv<GE*=C!MeNn      ^^^s^"     ^,^^>^CEt— CMe— iOHl 


Intermediate  compound. 

C(OH)<C^^CMe;>CH. 

Monoethylorcmol . 

and,  lastly,  the  oil,  after  prolonged  boiling  with  strong  hydi'ochloric 
acid,  yields  dimethylethylpyrone  hydrochloride,  thus  : 

GH  L(.OH,,)  -->  \cH=CMe/ 

Dimethylethylpyrone. 

The  production  of  dimethyldiethylpyrone  hydrochloride  from  the 
disodium  derivative  of  diacetylacetone  by  the  action  of  ethyl  iodide 
may  be  explained  in  a  precisely  similar  manner. 

With  n-propyl  iodide  also  an  oil  was  formed,  which  possessed  pro- 
perties very  similar  to  those  of  the  oil  which  was  obtained  by  the 
action  of  ethyl  iodide  on  the  disodium  derivative  of  diacetylacetone. 
The  same  difficulty  was  experienced  in  obtaining  any  dimethyl-mono- 
or  -di-propylpyrone. 

It  was  only  after  more  than  a  year's  continuous  work  that  the  true 
nature  of  these  changes  was  discovered,  the  oil  being  obtained  some- 
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what  easily,  but  in  varying  yields,  whilst  hardly  any  pyrone  deriv- 
atives were  produced,  and  considerable  quantities  of  dimethylpyrone 
itself  were  formed  during  the  progress  of  the  reaction. 

The  probable  cause  of  this  trouble  was  that  in  the  earlier  experi- 
ments the  reacting  substances  were  not  quite  dry,  and  also  that 
the  disodium  derivative  of  diacetylacetone  has  the  constitution 
C7H803Na^,2HoO  when  prepared  by  precipitation  from  95  per  cent, 
alcohol. 

This  hydrated  derivative  pi^obably  reacts  with  ethyl  iodide  in  the 
following  way : 

[ lict 

C.H„ojNa„     ■. ^;S     -^     C.H„0.,  +  H.,0  +  2EtOH  +  2NaT. 

.S3:         2       :        HOiH  ^.         '       ?     - 

i  TXT'f        i  Uunethylpyroiie. 

In  the  later  experiments,  this  was  avoided,  as  far  as  possible,  by 
preparing  pure  dry  diacetylacetone  from  the  barium  salt  of  dimethyl- 
pyrone, and  the  anhydrous  derivative  was  obtained  by  treating  this 
with  sodium  dissolved  in  dry  alcohol  (see  below). 

Considerable  quantities  of  the  oil  were  obtained  by  adopting  this 
method  of  work,  but  the  production  of  the  pyrone  derivatives  was 
most  disappointing  until  it  was  found  that  prolonged  boiling  with 
concentrated  hydrochloric  acid  was  the  determining  factor  for  a  satis- 
factory yield. 

Experimental. 

When  dimethylpyrone,  prepared  according  to  the  method  employed 
by  Collie  (Trans.,  1891,  59,  617),  is  dissolved  in  95  per  cent,  alcohol 
and  a  solution  of  sodium  ethoxide  in  95  per  cent,  alcohol  added,  a 
hydrated  form  of  the  disodivim  derivative  of  diacetylacetone  is  obtained, 
which  is  almost  insoluble  in  boiling  alcohol.  This  has  the  composition 
C7H803Na2,2H20. 

Twenty-four  grams  of  dimethylpyrone  were  employed  in  the  first 
experiment,  and  the  requisite  amount  of  sodium  ethoxide  for  the 
reaction  was  prepared  by  dissolving  9  grams  of  sodium  in  150  c.c.  of 
ordinary  absolute  alcohol  and  then  adding  the  dimethylpyrone,  which 
had  been  previously  dissolved  in  a  little  absolute  alcohol.  The 
mixture  was  warmed  on  the  water-bath,  when  the  disodium  deriv- 
ative of  diacetylacetone  separated.  In  the  earlier  experiments,  this 
precipitate  was  not  filtered.  After  several  hours,  65  grams  of  ethyl 
iodide  (that  is,  about  4  grams  in  excess  of  the  calculated  quantity) 
were  added  to  the  contents  of  the  flask,  and  the  whole  was  heated  on 
the  water-bath  for  nearly  six  hours.  At  the  end  of  this  time,  all  the 
suspended  sodium  derivative  had  disappeared,  and  the  contents  of  the 
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flask  had  a  brownish-red  colour  and  were  only  faintly  alkaline  to 
litmus. 

The  excess  of  alcohol  and  ethyl  iodide  was  distilled  off  on  the  water- 
bath,  dilute  hydrochloric  acid  was  added  until  the  contents  of  the 
flask  were  just  acid,  and  the  remaining  traces  of  alcohol  evaporated. 
The  mixture  was  then  diluted  with  water  to  dissolve  the  sodium  iodide 
which  had  separated  out,  and  extracted  with  chloroform. 

The  chloroform  extract  was  dried  over  calcium  chloride  and  the 
chloroform  then  removed  by  distillation.  The  residual  liquid,  which 
was  somewhat  viscous,  was  distilled  under  diminished  pressure 
(35  mm.),  when  a  small  fraction  was  collected  between  130°  and  180°, 
but  the  greater  part  distilled  at  190°  as  a  pale  yellow  oil.  The  oil 
was  redistilled  under  ordinary  atmospheric  pressure,  when  nearly 
10  grams  were  obtained,  which  passed  over  without  decomposition 
at  a  constant  boiling  point  of  289°. 

I.  0-2000  gave  0-5189  COo  and  0-1472  H,0.     C  =  707  ;  H  =  8-2. 
II.  0-1929     „     0-4991  CO2    „    0-1428  H2O.     C  =  70-6 ;  H  =  8-2. 
III.  0-1919     „     0-4980  CO2    „    0-1404  H.O.     C  =  70-S ;  H  =  8-l. 
CgHjgOg  requires  C  =  71'l;  H=7-9  per  cent. 

A  determination  of  the  molecular  weight  was  made  by  the  boiling 
point  method,  the  dried  alcohol  being  used  as  solvent. 

With  4-249  grams  of  solvent  and  0-1535  gram  of  substance,  a  I'ise 
of  0-25°  was  observed,  whence  molecular  weight  =  166.  The  molecular 
Aveight  calculated  for  C9HJ2O2  ^^  ^^^' 

After  standing  for  nearly  six  weeks,  the  substance  crystallised, 
forming  pale  yellow  crystals,  which  melted  at  66 — 67°.  It  is  only 
very  sparingly  soluble  in  water,  but  easily  dissolves  in  alcohol,  chloro- 
form, and  ether.  It  is  easily  soluble  in  acetic  acid,  and  the  acetic 
acid  solution  at  once  decolorises  bromine  water.  Cold  aqueous 
solution  of  potassium  permanganate  is  instantly  reduced  by  the 
substance. 

Tbe  existence  of  the  ICICHo  group  was  further  confirmed  by 
oxidising  some  of  the  compound  with  dilute  chromic  acid  solution  and 
then  distillipg.  The  distillate  was  strongly  acid  to  litmus  and  when 
just  neutralised  with  dilute  sodium  hydroxide  solution,  at  once  reduced 
ammoniacal  solution  of  silver  nitrate,  thus  indicating  that  the  ICH2 
group  had  been  oxidised  to  formic  acid. 

Ferric  chloride  solution  gives  no  coloration,  indicating  the  absence 
of  a  hydroxyl  group  in  the  molecule.  Concentrated  sulphuric  acid 
produces  a  yellowish-red  coloration,  which  darkens  on  warming.  Cold 
sodium  hydroxide  solution  dissolves  the  substance  easily,  giving  a 
yellow  solution  which,  on  warming,  changes  to  a  red  colour  and  has  a 
fragrant  smell  resembling   that   of  oil   of   juniper;   the   addition   of 
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hydrochloric  acid  destroys  the  colour  and  odour,  which,  moreover,  can 
both  be  destroyed  by  addition  of  excess  of  sodium  hydroxide. 

When  heated  with  sodium  hydroxide,  alcohol,  and  chloroform,  it 
immediately  gives  a  deep  red  solution,  which,  on  dilution  with 
water,  shows  a  beautiful  green  fluorescence,  a  reaction  common  to 
orcinol  derivatives. 

On  distilling  with  ferric  chloride  solution  and  subsequent  addition 
of  sodium  hydroxide  to  the  distillate,  a  purple  coloration  is  developed, 
which  is  discharged  by  hydrochloric  acid  and  reappears  on  the  addition 
of  more  sodium  hydroxide. 

The  conclusion  that  oxygen  does  not  appear  to  be  doubly  bound  to 
carbon  in  the  molecule  as  a  carbonyl  group  was  arrived  at  by  the  fact 
that  all  attempts  to  prepare  an  oxime,  a  hydrazone,  and  a  semicarb- 
azone  failed. 

The  structural  formula  which  is  suggested  for  this  compound, 
namely, 

xCEt -CMoA^ 

c^ o^-^o, 

appears  to  explain  the  above  reactions  quite  satisfactorily.  The 
manner  in  which  an  orcinol  derivative  may  be  formed  has  ah'eady 
been  indicated. 

Lastly,  on  long-continued  boiling  with  concentrated  hydrochloric 
acid,  the  hydrochloride  of  dimethylethylpyrone  was  obtained  (see 
later). 

Thus,  this  most  interesting  compound  possesses  the  remarkable 
property  of  undergoing  isomeric  change  on  being  treated  with  acids 
or  alkalis,  resembling  the  diacetyl  derivative  isolated  by  Collie 
{he.  cit.). 

Dimethylethylpyrone  and  Dimethyldiethylpyrone  and  their  Salts. 

It  has  already  been  mentioned  that  the  earlier  attempts  to  prepare 
these  compounds  proved  a  complete  failure,  only  very  small  amounts 
of  crystalline  substances  being  extracted,  which  consisted  chiefly  of 
dimethylpyrone,  and  it  was  suggested  that  this  was  at  all  events  partly 
due  to  the  presence  of  water,  which  reacted  in  the  way  indicated  above- 
In  order  to  eliminate  as  far  as  possible  this  cause  of  failure,  all  the 
reacting  substances  were  very  carefully  dried.  The  disodium  derivative 
of  diacetylacetone  was  filtered  off  immediately  after  precipitation  in 
absolute  alcohol  and  heated  under  reduced  pressure  on  the  water-bath 
until  free  from  alcohol  and  water.  The  ethyl  iodide  was  dried  over 
phosphorus  pentoxido  and  redistilled,  and  the  alcoliol  was  boiled  for 
several  hours  over  lime  and  redistilled. 
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Forty  grams  of  the  carefully  dried  disodium  derivative  were  sus- 
pended in  50  c.c.  of  the  dry  alcohol  and  70  grams  of  the  dry  ethyl 
iodide  (an  excess  of  4  grams)  were  added.  The  contents  of  the  flask 
were  boiled  on  the  Avater-bath  until  the  suspended  substance  had  dis- 
appeared and  the  mixture  was  nearly  neutral  ;  this  required  about 
three  hours.  The  alcohol  and  excess  of  ethyl  iodide  were  removed 
by  distillation  under  reduced  pressure,  and  the  residual  liquid  was 
filtered  from  the  precipitated  sodium  iodide  which  had  separated. 
Fifty  c.c.  of  cold  concentrated  hydrochloric  acid  were  added,  and  the 
mixture  was  warmed  on  the  water-bath  for  two  hours  and  then  allowed 
to  cool.  By  this  means  the  alkyl  derivatives  of  dimethylpyrone  were 
formed  as  hydrochlorides.  A  little  water  was  added  to  the  mixture, 
which  was  then  extracted  with  chloroform.  By  this  treatment  it  was 
hoped  that  the  whole  of  the  oil  formed  would  be  removed,  since  it  is 
extremely  soluble  in  chloroform  and  is  only  attacked  by  concentrated 
hydrochloric  acid  after  prolonged  boiling.  This  was  found  to  be  the 
case,  as  after  distilling  off  the  chloroform  the  oil  was  left  (b.  p.  289°), 
but  this  time  only  a  comparatively  small  yield  was  obtained  (about  2 
grams),  the  way  in  which  the  reaction  had  been  carried  out  apparently 
not  favouring  its  formation  in  quantity.  The  hydrochloric  acid  solution 
of  the  hydrochlorides  was  then  heated  on  the  water-bath  and  most  of 
the  hydrochloric  acid  removed  by  distillation.  The  liquid  was  just 
neutralised  with  solid  sodium  carbonate,  then  made  just  faintly  acid 
with  very  dilute  hydrochloric  acid  and  extracted  with  ether.  The 
ether  was  removed  by  distillation  and  the  residue  fractionated  under 
reduced  pressui-e  (about  35  mm.).  Nearly  5  grams  were  collected 
between  155°  and  160°,  and  4  grams  between  185°  and  190°.  These 
fractions  were  redistilled  under  the  ordinary  atmospheric  pressure, 
and  the  distillates,  which  passed  over  between  245°  and  247°  and  275° 
and  278°  (about  3-5  grams  and  2  grams  respectively),  solidified 
immediately  on  cooling. 

The  above  method  of  procedure  was  repeated,  using  the  same 
quantities,  until  a  sufficient  amount  of  each  fraction  had  been  obtained 
for  examination. 

Dimethylethylpyrone,  C^^■^^^. 

A  portion  of  the  compound  which  came  over  between  245°  and  247° 
was  recrystaliised  from  water,  in  which  it  was  easily  soluble,  and  from 
which  it  separated  as  colourless  needles.  These  were  dried  over  sul- 
phuric acid  in  a  vacuum  desiccator  and  then  melted  at  58°. 

0-1945  gave  0-5081  CO^  and  0-1383  H^O.     C  =  71-2;  H  =  7-9. 
CfjHjoOo  requires  C  =  71-l  ;  H  =  7-9  per  cent. 

Dimethylethylpyrone  in  aqueous  solution  gives  no  coloration  with 
ferric  chloride.     When   ground   with   solid  potassium  hydroxide  in   a 
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mortar,  it  gives  a  bright  pink  coloration,  suggesting  the  formation  of 
a  quinonoid  compound — this  colour  disappears  when  water  is  added. 
It  gives  no  precipitate  with  barium  hydroxide,  even  when  boiled 
with  it,  and  its  basic  properties,  though  well  marked,  are  not  so 
strongly  defined  as  those  of  dimethylpyrone  itself. 

The  hydrochloride,  (C9H^202)o,HCl,2H.,0,  obtained  by  evaporating 
dimethylethylpyrone  with  concentrated  hydrochloric  acid,  is  quite 
stable  at  the  ordinaiy  temperature,  but  on  being  heated  in  a  test-tube 
loses  water  and  hydrogen  chloride.  Some  of  the  salt  was  prepared 
and  dried  on  a  porous  tile.  On  titration  with  decinormal  silver  nitrate 
solution  : 

0*1  gram  reacted  with  2'6  c,c.  of  the  silver  solution,  this  being 
equivalent  to  0-00923  gram  chlorine.     CI  =  9-23. 

{Q^B.^f)^).-^,^C\,2B..p  requires  01  =  9-4  per  cent. 

As  already  mentioned,  the  hydrochloride  of  dimethylethylpyrone  is 
also  formed  from  the  oil  which  distilled  at  289°  by  boiling  it  with 
hydrochloric  acid.  This  transformation  is  only  effected  by  boiling  the 
oil  with  concentrated  hydrochloric  acid  for  at  least  twenty-four  hours, 
and  thus  was  overlooked  in  the  earlier  experiments. 

Hydi'ochloric  acid  only  very  slowly  attacks  the  substance,  the 
hydrochloride  of  dimethylethylpyi*one  being  obtained  after  evaporation 
of  the  excess  of  hydrochloric  acid.  That  it  was  actually  this  compound 
was  proved  by  converting  it  into  the  base  by  addition  of  sodium 
carbonate  solution  and  subsequent  extraction  with  ether,  from  which 
crystals  were  obtained  which  melted  at  58°. 

C  =  71-4;  H  =  7-9.      C,jHi,02  requires  C  =  71-1  ;  H=  7-9  per  cent. 

The  2)latinichloride,  (C,,Hj202)o,HoPtCl^,2II.,0,  obtained  l)y  adding 
platinic  chloride  to  a  solution  of  dimethylethylpyrone  in  hydrochloxnc 
acid,  separates  out  on  stirring  the  mixture  with  a  glass  rod.  This  salt, 
which  is  yellow,  can  be  recrystallised  from  warm  water.  From  1  gram 
of  the  base,  nearly  0*7  gram  of  the  recrystallised  platinichloride 
was  prepared.  This  was  dried  on  a  porous  plate,  and,  after  remaining 
for  three  hours  in  a  desiccator,  was  analysed.  That  the  compound 
prepared  as  described  above  possessed  water  of  crystallisation  was 
rendered  evident  by  heating  some  in  a  test-tube,  when  water  was 
diiven  off. 

0-2150  gave  0-2261  CO,,  00086  H,,0,  and  00556  Pt. 
CigHg^OeCl^Pt  requires  C  =  28-8  ;"  H  =  4-0  ;  Pt  =  26-0  per  cent. 

The  ethyl  derivative  also  gave  a  picrate  when  added  to  a  boiling 
aqueous  solution  of  picric  acid.  The  picrate  separates  as  an  orange 
precipitate,   but  the  (quantity  prepared    was  insufficient  for  analysis 
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owing  to  loss  of  material  in  previous  unsuccessful  attempts  to  prepare 
the  oxalate,  nitrate,  and  hydriodide. 

Dimethydiethylpyrone,  Cj^HjgOg. 

A  portion  of  the  compound  which  came  over  between  275°  and  278°, 
after  recrystallisation  from  alcohol,  was  obtained  in  the  form  of 
colourless  crystals  similar  in  appearance  to  those  of  the  monoethyl 
compound.  After  having  been  dried  over  sulphuric  acid  in  a  vacuum 
desiccator,  they  melted  at  64°. 

I.  0-1939  gave  0-5207  CO2  and  0-1509  H^O.     C  =  73-2  ;  H  =  8-6. 
II.  0-2170      „     0-5825    „       „    0-1725     ,",        0  =  732;  H  =  8  8. 
III.  0-2296      „     0-6153    „       „    0-1825     „        0  =  73-1 ;  H  =  8-8. 
CjjHjgOg  requires  0  =  73*3  ;  H  =  8-9  per  cent. 

Dimethyldiethylpyrone  gives  no  coloration  with  ferric  chloride 
solution,  neither  does  it  form  a  precipitate  with  barium  hydroxide  even 
on  boiling.  Attempts  to  prepare  an  oxime  and  a  hydrazone  were  made, 
but  did  not  meet  with  success.  A  pink  coloration  was  obtained  when 
the  crystals  were  ground  with  solid  sodium  hydroxide  in  a  mortar, 
and  in  fact  the  chemical  properties  of  this  substance  are  almost 
identical  with  those  of  dimethylethylpyrone.  It  seems,  however,  to 
possess  decidedly  less  basic  properties  than  the  monoethyl  compound. 

Repeated  attempts  were  made  to  prepare  salts  of  this  compound, 
but,  except  in  two  instances,  were  unsuccessful.  On  adding  the 
calculated  amounts  of  oxalic,  sulphviric,  and  hydriodic  acids  respectively 
to  a  concentrated  aqueous  solution  of  the  base  and  allowing  the 
mixtures  to  evaporate  spontaneously  in  a  desiccator,  either  syrupy 
solutions  which  would  not  crystallise  resulted  or  the  base  itself 
crystallised  out  in  a  hydrated  form. 

When  evaporated  with  concentrated  hydrochloric  acid,  dimethyl- 
diethylpyrone gives  a  hydi-ochloride,  which  sepai^ates  out  in  colour- 
less needles.  This  compound,  however,  is  extremely  unstable,  and 
rapidly  loses  hydrogen  chloride,  even  in  contact  with  air  at  the 
ordinary  temperature.  No  satisfactory  analytical  results  could  be 
obtained,  although  repeated  attempts  were  made. 

The  platinichloride,  (OjjHjQ02)2,H2Pt01g,2H20,  obtained  by  adding 
excess  of  platinic  chloride  to  a  solution  of  the  base  in  concentrated 
hydrochloric  acid,  separates  as  a  pale  brown  precipitate  after  well 
shaking  and  stirring  with  a  glass  rod.  Some  of  this  compound  was 
recrystallised  from  warm  water,  in  which  it  is  sparingly  soluble, 
and  dried  on  a  porous  plate. 

0-2020  gave  0-2425  00^,  0-0870  HgO,  and  0'0489  Pt.  0  =  32-7; 
H  =  4-8;  Pt  =  24-2. 

OgoHgsOgOlePt  requires  0  =  32*8;  H  =  4-7;  Pt=24-2  per  cent. 
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This  platinichloride  is  not  nearly  so  stable  as  the  corresponding 
platinichloride  of  dimethylethylpyrone,  since  it  not  only  loses  water  on 
heatingj  but  even  decomposes  when  placed  in  a  vacuum  desiccator, 
losing  dimethyldiethylpyrone  and  water. 

IJiethyldiacetylacetone,  C^jH^^gOg. 

In  one  of  the  experiments  which  were  carried  out,  an  attempt  was 
made  to  get  rid  of  what  may  be  termed  the  "  water  of  constitution," 
contained  in  the  molecule  of  the  disodium  derivative  of  diacetyl- 
acetone,  by  acting  on  diacetylacetone  itself  with  sodium  ethoxide 
suspended  in  absolutely  dry  alcohol,  since  it  has  been  shown  (Collie, 
Trans.,  1904,  85,  976)  that  the  compound  prepared  as  previously 
described,  even  after  being  heated  under  diminished  pressure,  had  the 
composition  C^HgOgNaojH^O. 

Some  diacetylacetone  was  carefully  dried  in  a  desiccator  and  then 
weighed  exactly  7'45  grams.  The  requisite  quantity  of  sodium 
ethoxide  for  the  reaction  was  prepared  by  dissolving  2'5  grams  of 
sodium  in  75  c.  c.  of  dry  alcohol  and  the  diacetylacetone  added.  The 
disodium  derivative  at  once  separated ;  it  was  filtered,  washed  with 
dry  alcohol  until  free  from  sodium  ethoxide,  and  20  grams  of  ethyl 
iodide  (an  excess  of  3  grams)  added.  After  boiling  on  the  water-bath 
for  two  hours  in  a  flask  fitted  with  a  reflux  condenser,  the  preparation 
was  left  until  the  following  day,  when  large,  colourless  plates  had 
separated.  Sevei'al  of  these  were  removed  mechanically  and  rapidly 
dried  between  filter-paper  and  then  left  for  three  hours  in  a 
desiccator.  When  dissolved  in  water,  they  gave  a  purple  coloration 
with  ferric  chloride  solution.  On  analysis,  the  substance  proved  to  be 
diethyldiacetylacetone. 

0-2025  gave  0-4930  CO2  and  0-1687  H.p.     C  =  66-4;  H  =  9-2. 
Cj^HjgOg  requires  C  =  66-6  ;  H  =  9-l  per  cent. 

Diethyldiacetylacetone  appears  to  be  a  very  volatile  substance,  as 
the  remainder  of  the  crystals  left  overnight  on  a  porous  plate  in  the 
air  had  entirely  disappeared  by  the  next  day,  leaving  a  slight  stain  on 
the  white  surface  of  the  plate. 

Scarcely  any  dimethylethylpyrone  was  extracted  from  the  remainder 
of  the  contents  of  the  flask,  but  a  very  good  yield  of  the  diethyl 
derivative  was  obtained.  This  suggests  that  the  presence  of  water, 
resulting  as  it  may  do  in  the  formation  of  the  monosodium  derivative 
of  diacetylacetone,  is  an  important  factor  in  the  production  of  the 
mono-ethyl  compound. 


4  M   2 
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Dimethylpropylpyrone  (V)  and  its  Isomeride,  C^qHj^^O.^. 

Several  experiments  were  made  with  the  object  of  ascertaining  if 
the  action  of  ?i-propyl  iodide  on  the  disodium  salt  of  diacetylacetone 
would  produce  compounds  similar  to  those  obtained  by  the  action  of 
ethyl  iodide.  The  method  of  procedure  was  precisely  similar  to  that 
employed  in  the  investigation  of  the  action  of  ethyl  iodide.  The  dried 
disodium  derivative  of  diacetylacetone  was  suspended  in  dry  alcohol 
and  a  slight  excess  of  the  ?i-propyl  iodide  added.  The  mixture  was 
then  heated  on  the  water-bath  until  all  the  solid  particles  had  dis- 
appeared and  the  contents  of  the  flask  were  of  a  deep  red  colour. 
The  alcohol  and  excess  of  propyl  iodide  were  distilled  off,  the  latter 
under  slightly  reduced  pressure,  when  a  considerable  amount  of  sodium 
iodide  separated  out.  This  was  removed  by  filtration  and  a  large 
excess  of  strong  hydrochloric  acid  was  added  and  the  mixture  warmed 
on  the  water-bath  for  two  hours.  After  cooling,  the  mixture  was 
diluted  with  water  and  extracted  with  chloroform.  On  distilling  off 
the  chloroform,  an  oil  was  obtained  which  boiled  at  about  205°  under 
35  mm.  pressure. 

Only  small  yields  of  the  oil  were  obtained  as  the  result  of  several 
experiments.  It  apparently  undergoes  slight  decomposition  on  dis- 
tillation under  the  ordinary  atmospheric  pressure  (b.  p.  over  300°), 
since  darkening  occurs. 

After  standing  for  a  fortnight,  the  oil  solidified  and  analysis  gave 
the  following  result : 

0  2001  gave  0-5289  COo  and  0-1515  H^.    C-71-9  ;  H  =  8'4. 
C^oHi_jOo  requires  0  =  72-3  ;  H  =  8-4  per  cent. 

The  compound  gave  no  coloration  with  ferric  chloride,  and  at  once 
reduced  potassium  permanganate  solution  without  warming.  It  dis- 
solved in  acetic  acid  readily,  and  bromine  water  was  instantly  de- 
colorised. It  thus  seemed  to  possess  similar  properties  to  those  of  the 
corresponding  ethyl  compound,  but  sufficient  was  not  obtained  for  an 
extended  series  of  experiments. 

Dimethylpropylpyrone  (?),  O^^Hj^Og. 

The  hydrochloric  acid  solution  (left  after  extraction  with  chloroform 
of  the  oil  mentioned  above)  was  heated  on  the  water-bath  in  a  flask 
and  most  of  the  hydrochloric  acid  removed  by  distillation  under 
reduced  pressure.  The  solution  was  then  neutralised  with  sodium 
carbonate,  made  faintly  acid  with  dilute  hydrochloric  acid,  and  ex- 
tracted with  ether.  A  very  small  quantity  of  a  solid  substance  was 
left  after  removal  of  the  ether   by  evaporation.     The  total  yield  from 
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three  successive  preparations  was  less  than  a  gram.     It  was  recrystal- 
lised  twice  from  water  and  dried  over  sulphuric  acid  in  a  desiccator. 

0-1998  gave  0-5312  CO,  and  0-1585  H.O.    0  =  72-5  ;  H  =  8-l. 
C^^Hj^O^  requires  C  =  72-3  ;  H  =  8-4  per  cent. 

Thus  the  substance  appears  to  be  dimethylpropylpyrone,  but  it  was 
not  characterised  by  a  sharp  melting  point  (98 — 101°).  It  apparently 
gives  a  platinichloride,  but  too  small  a  quantity  was  available  for 
analysis. 

Repeated  attempts  to  prepare  dimethyldipropylpyrone  were  unsuc- 
cessful, only  small  quantities  of  the  above  compound  being  produced. 
It  would  appear  that  the  alkyl  iodides  of  higher  molecular  weight 
react  with  difficulty  with  disodium  diacetylacetone,  and  experiments 
are  being  at  present  carried  out  which  will  finally  determine  this 
point. 

It  is  hoped  that  the  evidence  as  to  the  constitution  of  these  interest- 
ing isomerides  may  be  strengthened  later  on  by  means  of  refractivity 
experiments  and  examination  of  their  absorption  spectra. 

The  following  is  a  complete  list  of  the  new  compounds  isolated  and 
analysed  : 

(1)  The  compound  CgH^oOo  (m.  p.  66—67°,  b.  p.  289°),  isomeric  with 
dimethylethyljjyrone. 

(2)  Dimethylethylpyrone,  CgH^g^o  (m.  p.  58°). 

(3)  Dimethylethylpyrone  hydrochloride,  (C9Hi202)2,HCl,2H20. 

(4)  Dimethylethylpyrone  platinichloride,  {CgH^p.-;).;^,}i.-^'PtClf^,2K.p. 

(5)  Dimethyldiethylpyrone,  Cj^H^i-Og  {^-  P-  ^^r^)- 

(6)  Dimethyldiethylpyrone  platinichloride, 

(CnHi602)2.H2PtCl„2H20. 

(7)  Diethyldiacetylacetone,  Cj^H^gOg. 

(8)  Dimethyl propylpyrone,  Cj^Hj^Oj. 

(9)  The  compound  CjqHj^Oo  (b.  p.  205°  under  35  mm.  pressure), 
isomeric  with  dimethylpropylpyrone. 

In  conclusion,  the  author  of  this  paper  desires  to  express  his  sincere 
thanks  to  Professor  Collie,  who  suggested  this  research,  and  to  whom 
he  is  deeply  indebted  pot  only  for  constant  advice  and  encouragement 
during  its  progress,  but  also  for  part  of  the  dehydracetic  acid  used  in 
the  preparation  of  the  dimethylpyrone  employed,  which  was  purchased 
with  a  grant  from  the  Chemical  Society. 

The  OnaANic  Chemistry  Laboratory, 

Univkrsity  Collkgk, 

London. 
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CXXV. — The  Ethyl  Esters  of  Acetonyloxalic  and  Aceto- 
'phenyloxalic  Acids  and  the  Action  of  Ethyl  Oxalate 
on  Acetanilide  and  its  Homologues, 

By  Siegfried  Ruhemann. 

Claisen  {Ber.,  1891,  24,  128)  showed  that  ethyl  sodioacetonyloxalate, 
when  boiled  with  glacial  acetic  acid,  yielded  a  violet  sodium  compound 
from  which  other  metallic  derivatives  could  be  obtained.  These  he 
found  to  have  the  empirical  formula  C5H3O3M',  but  he  expressed  the 
view  that,  most  probably,  this  formula  should  be  doubled,  and  suggested 
for  the  substance  from  which  those  salts  are  derived,  the  formula  : 

CH3'CO-CH<^Q.^Q>CH-CO-CH3. 

Its  formation  would  accordingly  take  place  by  the  condensation  of 
two  molecules  of  ethyl  acetonyloxalate  accompanied  by  the  loss  of  two 
molecules  of  alcohol.  Beyond  a  short  notice,  no  detailed  account  of 
this  work  appeared  in  the  current  literature.  The  fact  that  the  com- 
pound which  is  formed  from  the  product  of  the  reaction  between 
phenylpropiolyl  chloride  and  sodioacetylacetone  (see  Ruhemann  and 
Merriman,  Trans.,  1905,  87,  1383  ;  Ruhemann,  Trans.,  1906,  89,  G82) 
yields  blue  salts  similar  to  those  which  are  produced  from  ethyl 
acetonyloxalate  has  induced  me  to  subject  this  ester  to  a  closer  study. 
The  investigation  of  the  reaction  which  leads  to  the  formation  of 
coloured  salts  from  this  ester  is  not  yet  completed  and  will  form  the 
subject  of  a  later  communication.  The  present  paper  contains  the 
record  of  a  research  on  the  behaviour  of  the  compounds  which  are 
produced  by  the  action  of  aldehydes  on  the  ethyl  esters  of  acetonyl- 
oxalic and  acetophenyloxalic  acids. 

Similar  experiments  had  already  been  undertaken  by  Claisen.  In  a 
short  note  [Ber.,  1891,  24,  116)  he  stated  that  ethyl  acetonyloxalate 
yielded  compounds  which  might  be  represented  thus  : 

CHg-CO-CH — CO 
R-CH-0-CO' 

but  a  full  account  of  this  work  did  not  appear.  I  have  found  that,  in 
the  presence  of  pijjeridine  as  a  catalytic  agent,  ethyl  acetonyloxalate 
condenses  with   benzaldehyde  to  form  a  substance  having  the  formula 

Me-CO-CH — CO 
Ph-CH-0-CO' 
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which  may  be  called  aeetylketophenylparacone.  The  jiroperties  of 
this  substance  are  analogous  to  those  of  ethyl  ketopheuylparaconate, 
which  W.  Wislicenus  {Ber.,  1892,  25,  3448  ;  1893,  26,  2144)  obtained 
by  the  action  of  hydrogen  chloride  on  a  mixture  of  benzaldehyde  and 
ethyl .  pxaloacetate,  and  also  to  those  of  ketophenylparacophenone, 
which  Knoevenagel  [Annalen,  1894,  281,  48)  prepared  in  the  same  way 
from  benzaldehyde  and  ethyl  acetophenyloxalate.  On  using  hydi'ogen 
chloride  instead  of  piperidine,  two  molecules  of  benzaldehyde  react 
with  one  molecule  of  ethyl  acetonyloxalate  to  yield  a  compound  which 
undoubtedly  is  to  be  formulated  thus  : 

Ph-CHICH-  CO  -CH — CO 
Ph-CH-0-CO' 

and  is  therefore  benzylideneacetylketophenylparacone.  An  analogous 
reaction,  however,  does  not  take  place  on  treating  a  mixture  of  ethyl 
acetonyloxalate  and  m-  or  ^j-nitrobenzaldehyde  with  hydrogen  chloride, 
but  there  are  formed  the  corresponding  nitro-derivatives  of  aeetylketo- 
phenylparacone. 

Aeetylketophenylparacone,  as  well  as  its  nitro-derivatives,  readily 
reacts  with  aniline  and  its  homologues  and,  with  the  loss  of  one 
molecule  of  water,  yields  yellow  compounds.  The  fact  that  these  are 
insoluble  in  sodium  carbonate  fixes  their  constitution.  For  example, 
the  substance  which  is  formed  from  aniline  and  aeetylketophenyl- 
paracone must  be  represented  by  the  formula 

Me-CO-CH — CiNPh 
Ph-CH-0-CO 

With  phenylhydrazine,  aeetylketophenylparacone  forms  a  phenyl- 
hydrazone.  This  differs  in  its  behaviour  from  the  former  substances 
inasmuch  as  it  dissolves  in  sodium  carbonate,  especially  on  warming, 
and  yields  a  yellow  solution  from  which  the  hydrazone  is  precipitated 
by  mineral  acids.  This  property  points  to  the  following  structure  of 
the  compound  : 

Me-C(:N-NHPh)-CH — CO 
Ph-CH-0-CO* 

Tr  .     ,        ,  ,  Ph-CO-CH — CO 

Ketophenylparacophenone,  -pi  .ntrnnn'  ^'^''^^^^  \\it\\   aniline 

and  its  homologues  to  form  compounds  which  resemble  in  evei'y  respect 
those  from  aeetylketophenylparacone. 

The  formation  of  these  yellow  substances  induced  me  to  examine 
whether  any  relation  exists  between  them  and  the  products  which 
W.  Wislicenus  and  Sattler  {Ber.,  1891,  24,  1245)  described  as 
xanthoxalanil  and  xanthoxalotoluidil.     These  chemists   showed    that 
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the   action   of  sodium   ethoxide  on  a   mixture  of    ethyl   oxalate   and 

acetanilide  was   similar  to  the   formation  of    ethyl  oxaloacetate  and 

yielded  ethyl  oxaloacetanilide,  COaEt-CO'CHo-CO-NHPh.    The  amount, 

however,  which  was  formed  was  very  small,  the  greater  portion  of  the 

mixture    being     transformed     into    the    yellow    sodium    compound, 

CigHgOgNNa.     With  regard  to  the  constitution  of  this  substance  they 

CO CO 

suggested  the  formula  l„-vr  .nn-^^'^^^'     '^^^y   found,  further,  that 

oxaloacetanil,    Cj^HyOgN,    could    not    be    isolated    from    its    metallic 

derivative    because    it    rapidly    changed    into    a   yellow,   complicated 

product.     This   they  proved    to    be  a   mixture  of    anilinomaleic  acid, 

Ph-NH-C CO^  ^^  ^^  ,  „  ,    ,  1  •  1.    .T, 

1 1         ^    p>N'Ph,   and    a   yellow    substance    which    they  were 
CH~CO 

unable  to  purify,  and  since  different  specimens  gave,  on  analysis, 
varying  results,  they  did  not  express  a  view  concerning  the  composition 
or  the  constitution  of  xanthoxalanil.  On  using  aceto-/)-toluidide, 
instead  of  acetanilide,  Wislicenus  and  Sattler  prepared  a  similar 
product  which  they  called  xanthoxalo-^-toluidil.  I  have  been  able 
to  obtain  these  substances  as  well  as  xanthoxalo-o-toluidil  and 
xanthoxalo-a-naphthylanil  in  a  pure  state  and  to  fix  their  constitution. 
This  differs  widely  from  the  structure  of  the  yellow  compounds  which 
are  formed  by  the  action  of  aromatic  bases  on  acetyl  ketophenyl- 
paracone  and  ketophenylparacophenone.  Xanthoxalanil  and  xanth- 
oxalo-^^-toluidil,  which  can  be  crystallised  from  hot  nitrobenzene,  form 
orange  plates,  the  shade  of  the  latter  being  the  paler ;  xanthoxalo- 
o-toluidil  ci-ystallises  from  the  same  solvent  in  canary-yellow  plates, 
whilst  xanthoxalo-a-naphthylanil  dissolves  in  boiling  glacial  acetic  acid 
and,  on  cooling,  separates  in  similar  crystals.  The  analytical  results 
lead  to  the  formula  C^oHjoOrNg  for  xanthoxalanil ;  its  structui^e 
must  be  represented  by  the  formula 

^co-c=c— co-^ 

Analogous  formulje  must  be  assigned  to  the  other  condensation 
products.  These  formulae  are  derived  from  the  following  considerations. 
Wislicenus  and  Sattler  [loc.  cit.)  showed  that  similar  substances  were 
not  formed  if,  instead  of  acetanilide  or  acetotoluidide,  ethyl  acetanilide 
or  propionanilide  were  treated  with  ethyl  oxalate.  Ethyl  acetanilide 
thus  yielded  ethoxalethylacetanilide,  C0^Et-C0'CH2-C0-N(Et)Ph; 
propionanilide,  on  the  other  hand,  gave  metbyloxalacetanil, 

CO- CO. 
Me-CH-  CO' 

These  facts  lead  to  the  conclusion  that  yellow  condensation  products 
are  produced  only  from  oxalacetanil  or  those  of  its  derivatives  which 


i:  ■:'>N-Ph. 
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contain  the  group  CHo  of  oxalacetic  acid.  Oxaloacetanil  and  oxalo- 
acetotoluidide  are  stable  in  the  form  of  their  sodium  compounds ;  on 
acidifying  the  aqueous  solutions  of  these  salts,  two  of  their  molecules 
condense  and,  with  the  loss  of  one  molecule  of  water,  yield  coloured 
substances.  The  circumstance  that  they  dissolve  in  sodium  carbonate 
is  in  harmony  with  the  view  which  I  have  advanced  concerning  their 
structure.  The  formation  of  these  compounds,  therefore,  is  analogous 
to  the  production  of  indogenides  from  indoxyl.  Wislicenus  and 
Sattler  (loc.  cit.)  showed  that  xanthoxalanil  was  decomposed  on  boiling 
with  an  alkali,  and  they  isolated  as  products  of  the  reaction  aniline 
and  oxalic  acid.  It  may  be  expected  that  this  decomposition  will  take 
place  thus : 

Ph-N<^^:  V^g^^^>N.Ph  +  5H,0  =  2C,H,.NH,  + 

ipO.^W)^  +  C02H-CH,-C(C02H):CH-C02H, 

and  furnish  aconitic  acid  or  its  stereoisomeride.  Experiments  are  in 
progress  with  the  view  of  verifying  this  assumption. 

Experimental. 

Action    of  Aldehydes   on   Ethyl   Acetonyloxalate. 

,       „        ,       ,  Me-CO-CH — CO 

Acetylketophenylparacone,  ^,     '  ,^  ,,   i  ^  • 

A  mixture  of  ethyl  acetonyloxalate  (8  grams),  beuzaldehyde 
(5 '4  grams),  and  piperidine  (about  8  drops),  on  standing  for  a  few 
days,  deposits  crystals,  and  after  a  week  the  whole  has  set  to  a  semi- 
solid. The  product  is  filtered  with  the  aid  of  the  pump  and  crystal- 
lised from  boiling  water,  when  colourless  needles  are  obtained  which 
melt  at  170—171°. 

0-2021  gave  04892  CO.,  and  0-0848  HgO.    C  =  66-01 ;  H  =  4-66. 
^12^10^4  requires  C  =  66  05  ;  H  =  4-58  per  cent. 

The  substance  distils  in  a  vacuum  with  but  slight  decomposition ;  it 
is  rather  soluble  in  alcohol,  but  sparingly  soluble  in  boiling  water.  It 
has  acidic  properties  and  dissolves  easily  in  sodium  carbonate  or 
ammonia.  On  mixing  concentrated  aqueous  solutions  of  the  compound 
and  silver  nitrate,  a  white  silver  salt  is  precipitated  which  readily  dis- 
solves in  water ;  the  solution,  on  boiling,  decomposes  and  deposits  a 
silver  mirror.  Acetylketophenylparacone  dissolves  in  cold  concentrated 
sulphuric  acid,  and  is  precipitated  unchanged  on  adding  water  to  the 
yellow  solution.  "With  ferric  chloride,  its  solutions  yield  a  deep  red 
coloration. 
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p        ;.,  .  „  .    7       7  Ph-CHIOH-CO-CH — CO 

nenzyhdeneacetijlketophenyLparacone,  -ox.  nu  n  An' 

As  stated  before  (p.  1237),  this  substance  is  formed  by  saturating  a 
well-cooled  mixture  of  benzaldebyde  and  ethyl  acetonyloxalate  with  dry 
hydrogen  chloride,  the  result  being  the  same  whether  aldehyde  and 
ester  are  used  in  equimolecular  quantities  or  in  the  proportion  of  two 
molecules  of  the  aldehyde  to  one  mol.  of  the  ester.  The  brown  liquor 
which  is  produced  on  standing  overnight "  sets  to  a  coloured  solid. 
This  is  washed  with  cold  alcohol  and  crystallised  from  the  boiling 
solvent,  in  which  it  dissolves  with  difficulty.  It  gradually  separates  in 
yellow  prisms  which  melt  and  decompose  at  220°.  The  compound, 
after  drying  in  a  vacuum- desiccator  over  sulphuric  acid,  contains  one 
mol.  of  alcohol  which  it  loses  at  100°,  the  colour  changing  at  the  same 
time  to  pale  yellow. 

0-1854,  dried  at  100°,  gave  0-5053  CO,  and  0-0787  H2O.  C  =  74-33; 
H  =  4-71. 

0-1873,  dried  at  100°  gave  0-5124  COg  and  0-0798  H^O.  C- 74-61; 
H  =  4-73. 

CjgHj^O^  requires  C  =  74-51 ;  H  =  4-57  per  cent. 

0-2011,  dried  in  a  vacuum  at  the  ordinary  temperature,  on  heating 
at  100°  lost  0-0261.     C^H^O  =  12-97. 

Cj9Hj404,C2HgO  requires  C2HgO=  13-06  per  cent. 

This  substance  cannot  be  distilled ;  it  readily  dissolves  in  sodium 
carbonate,  and  is  precijiitated  from  the  solution  by  mineral  acids.  On 
boiling  with  caustic  potash,  it  decomposes  with  formation  of 
benzaldehyde. 

,    ,  ,.  .       ,       ,  Me-CO-CH — CO 

^oe^y;A:eio-m-,.tiro;.^,ny^;amcon.,^^^^^^.^^jj^.^^.^.^^- 

This  compound  is  prepared  by  mixing  m-nitrobenzaldehyde 
(4-7  grams),  dissolved  in  a  little  benzene,  with  ethyl  acetonyloxalate 
(5  grams)  and  saturating  the  ice-cold  solution  with  dry  hydrogen 
chloride.  The  red  solid  which  separates  in  the  course  of  a  day  is 
dissolved  in  hot  dilute  alcohol  and  the  solution  decolorised  with 
animal  charcoal,  when  colourless  prisms  are  obtained  which  melt  at 
170°. 

0-1999  gave  0-4000  CO.,  and  0-0618  HgO.    C  =  54-57 ;  H  =  3-43. 
0-2011      „     04033  CO!^  and  0-0636  H2O.    C  =  54-69  ;  H  =  3-51. 
0-2235     „     10-6  c.c.  moist  nitrogen  at  22°  and  761-5  mm.  N  =  5-38. 
Ci2Hj,06N  requires  C  =  54-75;  H:=3-42  ;  N  =  5-32  per  cent. 
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This  substance  is  rather  soluble  in  alcohol,  but  difficultly  so  in 
boiling  water,  and  the  solutions  give  a  red  coloration  with  ferric 
chloride. 

Acetylketo-T^-nitrophenylparacone. 

This  is  produced  in  the  same  way  as  the  former  substance.  For 
purification  it  is  dissolved  in  sodium  carbonate,  and  the  filtered  solu- 
tioia  treated  with  an  excess  of  dilute  hydrochloric  acid.  The  solid 
which  is  precipitated  dissolves  in  boiling  water  and,  on  cooling, 
crystallises  in  groups  of  needles  which  melt  at  177°  to  a  brown 
liquid. 

0"1989  gave  9*4  c.c.  moist  nitrogen  at  21°  and  765  mm.  N  =  5'41. 
CjgHgOcK  requires  N  =  5'32  per  cent. 

Action  of  Aromatic  Bases  on  Acetyllcetojihenylparacone  and  its 
Derivatives. 

This  reaction  takes  place  on  adding  the  base  to  a  hot  alcoholic  solu- 
tion of  acetylketophenylparacone  or  its  derivatives,  when,  after  a  short 
time  or  in  the  course  of  a  day,  the  yellow  condensation  product 
separates.  The  constitution  of  these  substances  has  been  already  dis- 
cussed in  the  introduction. 

Acetylketophenylx>araconanilide,  C^gHj^OgN. 

This  compound  is  sparingly  soluble  in  alcohol,  but  readily  so  in 
boiling  glacial  acetic  acid,  and  on  cooling  crystallises  in  yellow  prisms. 
These  darken  at  about  220°  and  melt  and  decompose  at  230°. 

0-2015  gave  0-5435  COg  and  0-0934  HgO.     C  =  7356  ;  H  =  5-15. 
0-2519     „     11  c.c.  moist  nitrogen  at  21°  and  757  mm.     N  =  4-84. 
CisHigOaN  requires  0  =  73-72  ;  H  =  5-12  ;  ^"  =  4-78  per  cent. 

The  anilide  is  insoluble  in  sodium  carbonate.  On  boiling  with 
hydrochloric  acid,  it  dissolves  and  the  yellow  colour  disappears.  The 
solution,  on  cooling,  deposits  colourless  crystals,  which  were  identified 
as  acetylketophenylparacone  by  the  melting  point  (170°)  and  chemical 
properties.  The  acid  filtrate  contains  aniline.  Acetylketophenyl- 
paracone is  not  attacked  by  hydrochloric  acid,  readily,  however,  by 
caustic  potash  ;  its  anilide,  therefore,  on  boiling  with  the  alkali,  de- 
composes and  yields  benzaldehyde  as  well  as  aniline. 

Acetylket02)henylparacoue-o-toluidide  is  rather  soluble  in  boiling 
alcohol  and,  on  cooling,  crystallises  in  yellow  prisms  which  melt  at 
174°. 

0-2509  gave  10-2  c.c.  moist  nitrogen  at  19°  and  765-5  mm.  N  =  4-65. 
OjgHji^OgN  requires  N  =  4-56  per  cent. 
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Aceti/lkefo-m-nitrophenylparaconanilide. 

This  substance  separates  as  a  yellow  solid  on  adding  aniline  to  an 
alcoholic  solution  of  acetylketo-??i-nitrophenylparacone.  It  is  sparingly 
soluble  in  alcohol  or  boiling  glacial  acetic  acid,  and  crystallises  from 
the  latter  solvent  in  yellow  prisms,  which  darken  at  about  225°  and 
melt  at  237°  with  evolution  of  gas. 

0-2084  gave  15-2  c.c.  moist  nitrogen  at  20°  and  755  mm.  N  =  8-28. 
CigHj^OgNg  requires  N  =  8'28  per  cent. 

Acet)jlketo-m.-nitrophenyl-a-naphthylamide  is  prepared  in  the  same 
way  by  using  a-naphthylamine  instead  of  aniline.  It  is  sparingly 
soluble  in  boiling  alcohol,  and,  on  cooling,  crystallises  in  yellow  needles 
which  melt  and  decompose  at  215°, 

0-1932  gave  12-4  c.c.  moist  nitrogen  at  24°  and  768  mm.  ]Sr  =  7-27. 
^22^16^5^2  requires  N  =  7"21  percent. 


Acetylketophenylparaconephenylhydrazone. 

This  compound  is  fairly  soluble  in  hot  alcohol,  and,  on  cooling, 
separates  in  yellow  needles  which  melt  and  decompose  at  165 — 166°. 

0-2007  gave  0-5160  00^  and  0-0953  H2O.     C  =  70-12  ;  H  =  5-27. 
0-2054     „     17-4  c.c.  moist  nitrogen  at  25°  and  758  mm.  N  =  9-41. 
CigHifiOgNa  requires  C  =  70-13  ;  H  =  5-21  ;  N  =  9-09  per  cent. 

The  phenylhydrazone  is  soluble  in  sodium  carbonate,  especially  on 
warming.  I  have  already  (p.  1237)  mentioned  that,  owing  to  this  fact, 
its  constitution  is  most  probably  to  be  represented  thus  : 

Me-C(:N-NHPh)'CH — CO 
Ph-CH-0-CO" 

The   substance   also  dissolves   in   ammonia,   and  the   solution  reduces 
silver  nitrate. 


Action  of  Aniline  on   Benzylideneacetylketophenyljyaracone. 

The  product  which  is  formed  by  the  action  of  hydrogen  chloride  on 
a  mixture  of  benzaldehyde  and  ethyl  acetonyloxalate  dissolves  when 
heated  with  alcohol  in  the  presence  of  aniline.  The  cold  solution  does 
not  deposit  a  solid  even  after  several  days  ;  on  adding  an  excess  of 
dilute  hydrochloric  acid,  a  yellow  substance  is  precipitated  which  has 
been  identified  as  benzylideneacetylketophenylparacone  by  its  proper- 


ACETONYLOXALIC   AND   ACETOPHENYLOXALIC   ACIDS,      1243 

ties  and  by  the  following  analysis  of  a  specimen  which  had   been  re- 
crystallised  from  alcohol  and  dried  at  100°  : 

0  2183  gave  0-5940  CO^  and  00910  H^O.     0  =  74-21  ;  H  =  4-63. 
^19^14^4  I'equires  0  =  74-51  ;  H  =  4-57  per  cent. 

Condensation  of  Aromatic  Bases  loith  Kelophenylparacophenone. 

Ketophenylparacophenone  has  been  obtained  by  the  action  of 
hydrogen  chloride  on  a  mixture  of  benzaldehyde  and  ethyl  aceto- 
phenyloxalate.  Knoevenagel  {Annalen,  1894,  281,  48),  who  prepared 
this  substance  in  the  same  way  before,  stated  that  it  was  fairly  soluble 
in  boiling  alcohol,  whilst  1  find  it  to  dibsolve  in  this  solvent  with 
great  difficulty.  From  the  solution,  on  cooling,  it  crystallises  in  colour- 
less needles  which  sinter  at  212°  and  melt  at  215°  with  decomposition. 
Its  formula  has  been  verified  by  analysis  : 

0-2036  gave  0-5430  00^  and  0-0790  H^.     0  =  7273  ;  H  =  4-31. 
CiyHj^O^  requires  0  =  72-S6  ;  II  =  4-28  per  cent. 

^^       ,       ,  ,  .,.,     Ph-OO-CH — C:N-Ph 

Iietophe7iylparacophenonea7mide,  •nTT.n.pn 

Since  ketophenylparacophenoneanilide  requires  a  large  quantity  of 
boiling  alcohol  in  order  to  dissolve  it,  whilst  its  condensation  product 
with  aniline  is  rather  soluble  in  this  solvent,  it  is  advisable  in  pre- 
paring the  latter  compound  to  heat  the  mixture  of  alcohol  with  equal 
weights  of  the  base  and  ketophenylparacophenone,  when  this  readily 
dissolves  The  solution,  on  cooling,  deposits  yellow,  prismatic  plates 
which  melt  and  decompose  at  171 — 172°. 

0-2005  gave  05711  00,  and  0-0865  H^O.     0  =  77-67;  H  =  4-79. 

0-2244     „     8  c.c.  moist  nitrogen  at  19°  and  750  mm.      ISr=  4-04. 

OggH^yOyN  requires  0  =  77-74  ;  H  =  4-78  ;  N  =  3-94  per  cent. 

This  substance,  like  the  condensation  products  of  acetylketophenyl- 
paracone  with  aniline  and  its  homologues,  is  insoluble  in  sodium 
carbonate. 

Ketophenylparacophenone- o-toluidide. 

This  compound  is  readily  soluble  in  hot  alcohol,  and  on  cooling 
crystallises  in  yellow  prisms  melting  at  125 — 126°. 

0-2300  gave  7-8  c.c.  moist  nitrogen  at  22°  and  770  mm.    N  =  3-89. 
C24H^y03N  requires  N  =  3-79  per  cent. 
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Action  of  Acetanilide  and  its  Homologues  On  Ethyl  Oxalate. 
Xantlioxalaml,  Ph-]Sr<        i     ^     I, -,->N- Ph  . 

This  substance  was  prepared  according  to  the  directions  of  W. 
Wislicenus  and  Sattler  (loc.  cit.)  by  agitating  dry  sodium  ethoxide 
(1  mol.)  with  benzene  and  ethyl  oxalate  (1  mol.),  when,  after  a  short 
time,  the  alcoholate  dissolves  with  development  of  heat.  A  warm 
solution  of  acetanilide  (1  mol.)  in  benzene  is  then  added,  and  the 
mixture,  after  being  kept  for  two  days,  is  shaken  with  water.  On 
acidifying  the  aqueous  layer,  it  becomes  turbid,  and  in  the  course  of 
a  few  hours  deposits  a  yellow  solid,  the  separation  of  which  is  com- 
plete after  two  to  three  days.  The  precipitate  is  collected,  washed 
with  alcohol,  and,  after  drying  in  the  water-bath,  dissolved  in  hot  nitro- 
benzene. The  dark  red  solution,  on  cooling,  yields  glistening,  deep 
orange  plates,  which,  when  recrystallised  from  the  same  solvent,  melt 
and  decompose  at  270 — 271°. 

For  analysis,  the  substance  was  washed  with  alcohol  to  free  it  from 
nitrobenzene  and  dried  at  100°. 

0-2015  gave  0-4915  COg  and  0'0623  HgO.     C  =  66-52  ;  H-3-43. 
0-2347     „     15-8  C.C.  moist  nitrogen  at  18°  and  765  mm.     N  =  7-83. 
C20H12O5N2  requires  0  =  66-66  ;  H  =  3-33  ;  N  =  7-78  per  cent. 

Wislicenus  and  Sattler  stated  that  they  were  able  to  crystallise  a 
small  quantity  of  the  product  from  boiling  ethyl  oxalate,  and  that  the 
yellow  plates  which  they  thus  obtained  decomposed  above  250°,  but  they 
found  that  the  analyses  of  different  specimens  did  not  yield  concordant 
results,  the  mean  being  : 

0  =  66-7  ;  H  -  4-2  ;  N  =  7-3  per  cent. 

Xanthoxalanil  dissolves,  although  with  difficulty,  in  cold  sodium 
carbonate  and  dilute  ammonia,  and  is  precipitated  from  these  orange 
solutions  by  hydrochloric  acid. 


Xanthoxalo-^-toluidil, 
WMe-C„H,.N<^°:9^^V!^^0>N.C,H,-MeW. 

Wislicenus  and  Sattler  {loc.  cit.)  showed  that  ethyl  oxalate  reacted 
with  aceto-jD-toluidide  under  the  same  conditions  as  acetanilide,  yielding 
as  chief  product  xanthoxalo-jo-toluidil,  which  melted  at  259°.  On  pro- 
ceeding in  the  same  way  as  in  the  previous  case  and  crystallising  the 
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yellow  solid  which  is  formed  from  hot  nitrobenzene,  orange  plates  are 
obtained  which  have  a  lighter  shade  than  xanthoxalanil ;  on  heating, 
they  darken  at  about  255°  and  melt  at  2G0°  with  evolution  of  gas. 

0-2018  gave  0-5023  COg  and  0-0760  H2O.     C  =  67-88  ;  H  =  4-18. 
0-1988     „     12-8  c.c.  moist  nitrogen  at  24°  and  767  mm.    ]Sr  =  7-28. 
C22H16O5N2  requires  C  =  68-04  ;  H  =  4-12  ;  N  =  7-21  per  cent. 

Wislicenus  and  Sattler,  who  analysed  the  product  after  it  had  been 
purified  as  well  as  possible,  found  as  a  mean  of  their  analyses : 

C  =  70-1  ;  H  =  4-3  3  N  =  7-0  per  cent. 

Xanthoxalo-o-toluidil. 

This  substance  is  prepared  in  the  same  way  as  the  former  com- 
pounds by  the  action  of  aceto-o-toluidide  on  ethyl  oxalate  in  the  presence 
of  sodium  ethoxide.  It  dissolves  in  hot  nitrobenzene  more  readily 
than  its  isomeride,  and,  on  cooling,  gradually  separates  in  canary- 
yellow  plates  which  darken  at  about  245"^  and  melt  at  247°  with  evolu- 
tion of  gas. 

0-2028  gave  0-5043  CO2  and  0-0803  HoO.     C  =  67-82 ;  H  =  4-39. 
0-2076     „     13-6  c.c.  moist  nitrogen  at  25°  and  762  mm.     N  =  7-32. 
C22H10O5N2  requires  C  =  68-04  ;  H  =  4-12  ;  N  =  7-21  per  cent. 

Xanthoxalo-a-napJithylanil, 
(a)C,oH,-N<^^_^__^_^^>N-C\oH,(a). 

Aceto-a-naphthalide,  which  is  required  for  the  production  of  this 
compound,  was  prepared  by  Piunow's  excellent  method  (Ber.,  1900, 
33,  418)  by  dissolving  a-naphthylamine  in  50  per  cent,  acetic  acid  and 
adding  acetic  anhydride.  The  substance  is  dissolved  in  dry  benzene 
and  mixed  with  a  solution  of  sodium  ethoxide  and  ethyl  oxalate  in 
benzene.  The  mixture,  after  being  kept  for  two  days,  is  shaken 
with  water,  the  aqueous  layer  filtered  from  a  white  solid,  and  acidified, 
when,  in  the  course  of  several  hours,  a  solid  is  precipitated.  This  is 
washed  with  alcohol  and  dissolved  in  boiling  glacial  acetic  acid ;  on 
cooling,  beautiful  yellow  })lates  separate,  which  decompose  at  about 
285°. 

0-2025  gave  10-8  c.c.  moist  nitrogen  at  18°  and  765-5  mm.     N-6-20. 
CggHjgOgNg  requires  N  =  6-08  per  cent. 

Xanthoxalo-a-naphthylanil,  like  the  other  members  of   thi.s  class  of 
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compounds,  although  almost  insoluble  in  alcohol,  dissolves  sufficiently 
to  impart  to  it  a  yellow  colour. 

The  author  is  indebted  to  the  Research  Fund  Committee  of  the 
Society  for  a  grant  which  has  partly  defrayed  the  expense  of  this 
investigation. 

GONVILLE   AND    CAIUS    COLLEGE, 

Camdkidge. 


CXXVI. — Aldehydrol  and  the  Formation  of  Hydrates 
of  Compounds  containing  a  Carhonyl  Group. 

By  William  Morris  Colles,  Jun. 

The  probable  existence  of  aldehydrol,  CH3'CH(OH)2,  in  aqueous 
solutions  of  aldehyde  was  first  pointed  out  by  Ramsay  and  Young 
{Phil.  Trans.,  1886,  1,  117),  and  confirmed  later  by  Perkin  (Trans., 
1887,  51,  808)  and  Brown  and  Pickering  (Trans.,  1897,  71,  774). 
Quite  recently.  Miss  Homfray  (Trans.,  1905,  87,  1435)  has  again 
indicated  the  existence  of  this  compound.  It  seemed  interesting, 
therefore,  to  see  if  a  solid  product  could  be  obtained  by  subjecting  con- 
centrated solutions  of  aldehyde  to  low  temperatures. 

The  difference  between  the  stability  of  such  compounds  as  chloral 
hydrate,  dichloroacetaldehyde  hydrate,  bromal  hydrate,  and  alde- 
hydrol is  evidently  due  to  some  particular  function  of  the  strong 
electro-negative  group  contained  in  the  former  compounds.  The 
spontaneous  elimination  of  water  from  aldehydrol  may  possibly  be  due 
to  some  very  rapid  internal  oscillations  in  the  molecule,  which  may  be 
sufficiently  letarded  at  low  temperatures  to  render  the  compound 
isolable. 

The  research  was  subsequently  extended  to  the  behaviour  of  con- 
centrated aqueous  solutions  of  formic  acid,  acetone,  acetic,  monochloro- 
acetic  and  trichloroacetic  acids  at  low  temperatures. 

Acetone  apparently  combines  only  to  slight  degree  in  aqueous 
solution,  as  shown  by  Drude  (Zeit.  physikal.  Chem.,  1897,  23,  313)  and 
Miss  Homfray  {loc.  cit.),  nor  are  any  indications  to  be  drawn  from  the 
form  of  the  specific  gravity  curve. 

Hexachloroacetone  crystallises  with  one  molecule  of  water  (Cloez, 
Ann.  Chim.  Phys.,  1886,  [vi],  9,  203),  possibly  forming  the  compound 
CCl3*C(OH)2*CCl3;  the  other  chloro-  and  bromo-acetones  appear,  how- 
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ever,  to  form  higher  hydrates  (Cloez,  loc.  cit. ;  Bischoff,  £er.,  1875,  8, 
1341  ;  Hantzsch,  Ber.,  1888,  21,  2441). 

Haatzsch  (loc.  cit.)  points  out  that  the  tribromodinitropropionic 
acid  of  Benedikt  (Annalen,  1877,  184,  255)  might  quite  conceivably 
be  a  hydrate  of  tribromodinitroacetone,  CBr3'C(OH).2*CH(NO^,)2,  there 
being  very  little  difference  between  the  percentage  compositions  of 
the  two  compounds. 

Varenne  and  Godefroy,  working  with  the  chrono-stiloscope  (Compt. 
rend.,  1904,  138,  990),  found  no  indications  of  a  monohydrate  of 
acetone,  but  announced  the  existence  of  hydrates  containing  three  and 
four  molecules  of  water. 

There  is  apparently  no  physical  evidence  in  favour  of  the  existence 
of  ortho-formic  acid.  Neither  Perkin  (Trans.,  1886,  49,  781)  nor 
Miss  Homfray  {loc.  cit.)  obtained  any  values  indicating  combination 
between  the  acid  and  water.  Lorin  (Zeit.  Chem.,  1865,  [ii],  1,  692) 
mentions  the  hydrate  3CH202,2H20,  and  Roscoe  {Annalen,  1863,  125, 
329)  showed  that  the  hydrate  4CH202,3H20  formed  a  constantly  boiling 
mixture. 

The  only  evidence  in  favour  of  the  existence  of  ortho-acetic  acid  is 
the  form  of  the  specific  gravity  curve  of  the  aqueous  solution, 
which  shows  a  maximum  density  with  an  equimolecular  mixture. 
Perkin  {loc.  cit.)  found,  however,  no  traces  of  combination,  nor  did 
Pickering  (Trans.,  1895,  67,  669)  find  any  definite  hydrates.  Sonstadt 
{Jahresher.,  1878,  34)  mentions  that  the  anhydrous  acid  crystallises  out 
on  cooling  to  0°  a  solution  containing  71  per  cent. 

Perkin  found  no  indications  of  any  combination  in  the  aqueous  solu- 
tions of  monochloro-  and  trichloro-acetic  acids  (Trans.,  1894,  Qb,  406). 

It  seemed  probable,  however,  that  at  low  temperatures  the  product 
of  combination  of  the  tricarbinol  group  -C(0H)3,  with  a  strong  electro- 
negative group,  might  become  sufficiently  stable  to  be  isolated. 

The  hydrates  obtained,  however,  like  those  of  acetic  acid,  were 
exceedingly  viscid  and  consequently  very  diflicult  to  wash  ;  hence  the 
results,  which  in  the  cases  of  acetic  acid  and  monochloroacetic  acid 
point  to  the  formation  of  an  ortho-acid,  are  very  inconclusive. 

Experimental. 

A  weighed  quantity  of  the  substance  under  investigation  was  mixed 
with  water  in  definite  molecular  proportions,  the  requisite  amount  of 
water  being  added  fi-om  a  bux-ette  reading  to  0*01  c.c.  The  mixture 
was  contained  in  a  long,  stoppered  weighing  tube,  which  was  clamped 
inside  a  wide  vacuum  ves.sel  containing  the  freezing  mixture. 

The  filtering  and  stirring  apparatus  consisted  of  a  piece  of  quill 
tubing  terminating  in  a  small  glass  rose  packed  with  glass  wool.  Two 
small  wings  of  flattened  glass  rod  were  .sealed  on  just  above  the  rose. 
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The  other  end  of  the  tube  passed  through  a  brass  pulley  rotated  by  a 
water  turbine. 

The  apparatus  was  clamped  so  as  to  rotate  as  close  to  the  bottom 
of  the  weighing  tube  as  possible,  and  in  order  that  the  hydrate  mixture 
should  be  thoroughly  stirred  not  more  than  3 — 4  c.c.  were  taken  at  a 
time,  the  glass  wings  being  just  covered.  A  ring-shaped  stirrer  was 
used  to  ensure  constant  cooling  throughout  the  freezing  mixture,  the 
temperature  being  indicated  by  an  alcohol  thermometer. 

The  freezing  mixture  first  used  consisted  of  a  mixture  similar  to 
that  in  the  inner  tube,  but  made  with  commercial  preparations.  This 
was  cooled  by  pouring  in  liquid  air,  and,  being  impure,  consequently 
crystallised  out  a  few  degrees  lower  than  the  hydrate  mixture,  thus 
preventing  too  steep  a  gradient  of  temperature  between  the  two.  In 
the  case  of  a  mixture  of  aldehyde  and  water  in  molecular  proportions, 
sudden  and  complete  solidification  took  place  at  about  —  60°,  a  hard, 
opaque,  snow-like  mass  being  formed.  This  prevented  any  observation  of 
the  inner  tube,  and  frequently  twisting  it  out  of  centre  caused  breakage. 

Absolute  alcohol  cooled  by  pouring  in  liquid  air  was  found  to  work 
very  satisfactorily. 

The  rate  of  lowering  the  temperature  can  be  very  easily  controlled, 
and  down  to  -  100°  the  alcohol,  although  becoming  slightly  viscous, 
remains  perfectly  transparent  and  easy  to  stir.  To  prevent  too  steep 
a  gradient  of  temperature  between  the  hydrate  mixture  in  the  inner 
tube  and  the  freezing  mixture,  the  rate  of  lowering  must  be  very 
gradual,  especially  when  approaching  the  deposition  point  of  a  hydrate, 
a  few  minutes  being  allowed  to  elapse  between  each  addition  of  liquid  air. 

The  hydrate  mixture  must  be  very  thoroughly  and  rapidly  stirred, 
especially  at  low  temperatures,  to  prevent  ice  forming  on  the  walls  of 
the  tube.  As  soon  as  crystals  begin  to  form,  cooling  and  stirring  are 
stopped  and  the  mother  liquor  filtered  off  at  once,  connection  being 
made  with  the  top  of  the  stirring-tube  by  means  of  pressure  tubiug. 
The  mother  liquor  was  collected  in  a  small  vessel  in  circuit  with  the 
water-pump  in  case  an  analysis  of  it  should  be  necessary. 

The  ci-ystals  were  dried  as  completely  as  possible  by  unclamping  the 
inner  tube  and  pressing  the  mass  of  crystals  against  the  glass  rose. 
In  the  case  of  the  hydrates  of  acetic  acid  and  the  chloroacetic  acids, 
the  crystals  were  exceedingly  viscous  and  difficult  to  dry  thoroughly. 

The  great  fault  of  the  apparatus  lies  in  the  difficulty  of  washing  the 
crystals  thoroughly,  but  in  cases  where  a  good  yield  was  obtained  the 
crystals  were  allowed  to  melt  partially  and  were  again  filtered,  thus 
being  washed  in  a  liquid  of  their  own  composition.  The  temperatures 
given  in  the  results  are  those  of  the  freezing  mixture  at  the  moment 
of  deposition  of  the  hydrate,  and  were  checked  by  a  number  of 
observations. 
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The  thermometer  was  not  standardised  against  a  pentane  ther- 
mometer, but  the  error  is  probably  no  greater  than  the  actual 
difference  of  temperature  between  the  two  mixtures. 

Considerable  difficulty  was  at  first  experienced  in  handling  aqueous 
solutions  of  aldehyde,  owing  to  the  very  rapid  change  of  concentra- 
tion due  to  the  volatility  of  the  substance.  The  following  was  found 
to  be  a  quick  and  easy  method  for  weighing  out  such  solutions. 

A  three-inch  by  half-inch  test-tube  is  constricted  in  the  middle  to 
about  five  mm,  diameter  and  tared.  The  lower  half  is  then  placed 
in  a  hole  cut  in  a  small  block  of  ice  and  the  solution  poured  in, 
the  air  escaping  through  a  small  capillary  introduced  into  the  tube. 
The  operation  is  performed  as  quickly  as  possible,  and  the  tube  sealed 
off  at  the  constriction.  When  cool,  the  lower  half  containing  the 
aldehyde  is  removed  from  the  ice-block  and  weighed  together  with  the 
upper  half. 

This  method  was  found  to  be  very  useful  when  dealing  with  small 
quantities  of  solutions,  and  especially  those  containing  a  very  volatile 
constituent.  In  the  latter  case,  the  ordinary  method  of  filling  into 
bulbs  is  much  too  slow,  the  rate  of  change  of  concentration  being  very 
rapid  in  the  case  of  aldehyde  and  water,  for  example. 


Aldehyde. 

Estimation. — The  aldehyde  was  estimated  by  oxidising  with  a  known 
excess  of  potassium  permanganate,  determining  the  excess  remaining 
after  the  reaction.  The  action  was  found  to  proceed  best  in  neutral 
solution,  three  of  the  available  atoms  of  oxygen  being  used  and 
hydrated  manganese  dioxide  being  precipitated  : 

2KMn04  +  SCHg-CHO  =  2MnOo  +  2CIl3-CO^K  -f  CH3-C02H  -f  H^O, 

The  excess  of  permanganate  and  manganese  dioxide  was  estimated 
by  adding  sulphuric  acid  and  a  known  excess  of  ferrous  ammonium 
sulphate,  titrating  back  with  decinormal  permanganate.  Later,  the 
quicker  method  (titrating  the  iodine  liberated  from  potassium  iodide 
by  potassium  permanganate  in  the  presence  of  sulphuric  acid  with 
decinormal  sodium  thiosulphate)  was  used. 

The  whole  operation  was  carried  out  in  large,  strong,  accui'ately- 
stoppered  bottles,  in  which  the  tube  of  aldehyde  was  broken  into  the 
excess  of  permanganate.  The  method  is  very  quick,  and  a  large 
number  of  analyses  can  be  carried  out  at  the  same  time,  but  it  is  not 
very  accurate.  The  error  is  ±0-3  per  cent.,  the  iodine  method  giving 
the  higher  results. 

The  aldehyde  used  was  obtained  from  Marquart,  and  was  stored  in 
small  (piantities  in  sealed-up  glass  bulbs, 

4  N  2 
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Weif^ht  of 
alJelij'de  taken. 
0"6554  gram 
0-4228     ,, 
0-5838     ,, 


Weight  of 
aldehyde  found. 
0-6575  gram 
0-4220     ,, 
0-5821     ,, 


AVeight  of 
aUlehj'de  taken. 
0-6055  gram 
0-2409     ,, 
0-2683     ,, 


Weight  of 
ahlehyde  found. 
0-6045  gram 
0-2420     „ 
0-2671     „ 


Ifc  -was  found  in  all  these  experiments  that  the  composition  of  the 
crj^stals  deposited  usually  varies  considerably  from  that  of  the  mixture 
taken. 


]\Iixture  taken  in 
molecules. 


Aldehyde. 
1 


Water. 
1 


Percentage  of 

aldehyde 

found  in  crystals, 

/51-6il 

,51-7/ 


Nearest  corresponding 

hydrate,  with 
percentage  of  aldehyde. 

C.,HjO,2H20  =  55  per  cent. 
2C2H40,.3HoO  =  62       „ 

aH,0,HoO  =  71 


Deposition 
temperature. 


-80 


-90 


These  results  are  from  analyses  of  crystals  separated  at  the  moment 
of  formation.  By  sudden  and  prolonged  cooling  and  stirring  to  —  95° 
a  mixture  containing  20.2^.^,1120  yielded  crystals  containing  78"6  per 
cent,  of  aldehyde,  that  is,  the  mixture  almost  solidifies  as  a  whole. 

Although  the  mixture  is  cooled  to  as  low  as  90°,  it  remains  perfectly 
clear  until  the  last  moment,  crystallisation  taking  place  very  suddenly. 

The  crystals  present  the  appearance  of  very  fine  needles,  and  are 
obtained  in  fair  yield. 

Formic  Acid. 


The   acid   was   estimated    by 
giving  very  sharp  end-points. 


Mixture  taken  in 
molecules. 


Formic 
acid. 


Water. 


Percentage 

of  formic 

acid  found 

in  crystals. 

'.59-5' 

59-9 

-,  59-4  - 

60-5  I 

V58-9J 

(39-2) 

J  39-2  I 

[37-9] 

/22-08\ 

125-03/ 

r77-5\ 

\76-8r 

r70-25-^ 

J  69-1    [ 

I  70  00  I 

I73-75J 

f78-5\ 

\79-3J 


titration   with   decinormal   ammonia. 


Nearest  corresponding 

hydrate  and  Deposition 

percentage  of  formic  acid.       temperature. 


4CH,A,7H.,0  =  61  -4  per  cent.  -  46° 

CH202>4H20   =38-9      ,,  -36—37 

CH202,9H20  approximately  -20—25 
4CH202,3H20  =  77-4  per  cent.         -44  5 

CH20.,,H„0     =71-8      ,,  -53-7 

3CHoOo,2HoO  =  79-4       ,,  -38 
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As  in  the  case  of  aldehyde  and  water,  a  mixture  of  formic  acid  and 
water  is  utimately  reached  which,  on  prolonged  cooling  and  stirring, 
deposits  crystals  of  almost  identical  composition. 

Thus,  a  mixture  having  the  composition  iCH^Oo.SHoO  with  rapid 
cooling 'deposits  crystals  containing  76-7  and  77-2  per  cent,  of  formic 
acid.  The  hydrate  formed  in  this  way  at  -  54°  is,  however,  produced 
at  higher  temperatures  from  a  mixture  of  the  composition  2CH202,H20. 

By  very  slow  and  careful  cooling  and  rapid  stirring,  the  mixture  of 


Fig.  1. 
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composition  MQ^,,0.^.?>^P  deposits  a  monohydrate,  which,  however, 
must  be  filtered  as  soon  as  crystallisation  begins. 

The  hydrates  are  distinctly  crystalline  and  can  be  washed,  the 
temperature  of  deposition  for  the  monohydrate,  -  53-7°,  being  main- 
tained very  constantly. 

Acetone. 

Estimation.— The  acetone  was  estimated  by  the  method  of  Squibb, 
described  in  Sutton's  Volumetric  Analysis. 

Per  cent,  of  acetone  in  an  aqueous  solution  :    (i)  68-83  ;  mean  of  three 

titrations. 

(ii)  69-20  ;  mean  of  three 
>»  )>  "  "  "  ^   '  ,-,     .• 

titration?. 
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No  trace  of  any  monohydrate  was  found.  Many  experiments  were 
carried  out,  but  in  no  case  did  the  percentage  of  acetone  in  the  crystals 
rise  above  30,  and  this  value,  curiously  enough,  was  obtained  by  cooling 
an  equimolecular  solution  to  -  44°,  stronger  mixtures  yielding  crystals 
containing  10 — 15  per  cent,  of  acetone  precipitated  at  -  49°. 

The  crystals  were  very  minute  and  only  very  small  yields  were 
obtained,  stronger  cooling  having  no  effect  on  the  composition  or 
yield. 

After  drying,  the  product  was  left  as  a  fine  white  powder.     Varenne 


Fig.  2. 
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and  Godefroy  iJ,oc.  cit.)  also  obtained  hydrates  with  8  and  34  molecules 
of  water. 


Acetic  Acid.     Monochloroacetic  Acid.     Trichloroacetic  Acid. 

These  acids  were  estimated  by  titrating  with  decinormal  barium 
hydroxide,  using  phenolphthalein  as  an  indicator.  Kahlbaum's  prepara- 
tions were  used. 

The  experiments  on  these  acids  met  with  little  success.  The  crystals 
formed  were  very  small  and  viscous,  repeatedly  stopping  up  the  filter- 
ing  tube.     Washing   and   drying   were   therefor-e   matters   of    great 
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difficulty, 
rapid. 

Mixture  taken  in 
molecules. 

Acetic  acid.  Water. 

1  1 

2  1 

1  2 


The  stirring  in  these  experiments  had  to  be  exceedingly 


Percentage  of 
acetic  acid  found 
in  crystals. 
/66-4\ 
\66-6J 
/79-01\ 
\78-6  / 

^49-4  V 
l55-6j 


Nearest  corresponding 

hydrate  and 

percentage  of  acetic  acid. 

C2H402,2H20  =  62  per  cent. 

CHiCHjO 
CH3-C(OH)3  =77       ,, 

C2H402,3HoO  =  52-6   ,, 


Temperature, 
of  deposition. 

-33-5° 
-15 

-41 


Monochloroacetic  Acid. 

In  the  case  of  this  acid,  as  with  trichloroacetic  acid,  it  was  found 
difficult  to  prevent  the  anhydrous  acid  crystallising  from  the  solutions. 
The  stirring  was  consequently  begun  with  the  slightly  warm  solutions. 

Mixture  taken  in 
molecules. 


CHjCl-COaH.  Water. 
1  1 


Percentage  of 

acid  found 

in  crystals. 

/82-2  \ 

\80-55/ 


Nearest  hydrate  and 
percentage  of  acid. 
CHoCl-CO.^H,H,0 
CHjCl-ClOH),,  =84  per  cent. 


Temperature, 
of  deposition. 

0° 


Trichloro- 
acetic acid, 
CCL'CO.H. 


Water. 


77-55^ 
77-00^ 
79'25j 


CCl3'C02H,3H2O  =  75  per  cent. 
CCl3-COoH,2H20  =  82       ,, 


-35 


It  was  found  impossible  to  work  with  stronger  solutions  of  tri- 
chloroacetic acid,  as  they  had  to  be  boiled  in  order  to  dissolve  the 
whole  of  the  acid. 

The  hydrates  of  these  acids,  although  crystalline,  do  not  precipitate 
60  sharply  as  those  of  formic  acid.  Further  experiments  were  tried, 
but  no  better  values  were  obtained,  the  viscous  precipitates  being 
always  very  difficult  to  wash. 

In  conclusion,  I  wish  to  express  my  gratitude  to  Professor  Sir 
William  Ramsay,  who  suggested  this  research,  for  his  advice  and 
encouragement ;  also  to  Professor  J.  N.  Collie  for  the  kindly  interest 
he  has  taken  in  the  work. 


University  College, 
London. 
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CXXVII. — Studies  on  Optically  Active  Cay^himides.  IV. 
The  Resolution  of  iiG-Tetrahydro-2-7ia2:)hthol  by 
means  of  1-Menthylca7^bimide. 

By  Robert  Howson  Pickaed  and  William  Oswald  Littlebury,  A.I.C. 

In  Part  III  (this  vol.,  p.  467)  we  have  described  a  method  of  usiog 
/-menthylcarbimide  for  the  resolution  of  inactive  hydroxyl  compounds 
containing  asymmetric  carbon  atoms.  The  method  was  illustrated  by 
the  resolution  of  a-phenyl-a'-4-hydroxyphenylethane,  the  dextro- 
isomeride  of  which  was  obtained  by  the  hydrolysis  of  the  pure 
(dl)  menthylcarbamate  after  this  had  been  separated  by  fractional 
crystallisation  from  the  {II)  menthylcarbamate. 

The  method  is,  of  course,  closely  allied  in  principle  to  Pasteur's 
method  of  resolving  an  inactive  acid  by  the  fractional  crystallisation 
of  the  mixture  of  stereoisomeric  salts  obtained  by  combining  the  acid 
with  an  active  base.  This  resolution  was  apparently  the  first  suc- 
cessful attempt  to  resolve  a  hydroxy-compound  by  the  fractional 
crystallisation  of  its  two  stereoisomeric  esters  with  an  optically  active 
acid,  in  this  case  the  unstable  ^-menthylcarbamic  acid.  It  might  be 
urged,  however,  that  this  compound  by  reason  of  its  slight  acidity,  due 
to  the  phenolic  hydroxy-group,  might  conceivably  have  been  resolved 
by  means  of  Pasteui-'s  original  method.  "\Ve  therefore  thought  it  of 
interest  to  describe  the  application  of  the  method  to  the  resolution  of 
ac-tetrahydro-2-naphthol,  a  compound  possessing  true  alcoholic 
properties. 

The  method  of  procedure  is  very  similar  to  that  described  in 
Part  III  {loc.  cit.).  The  ^menthykarbimide  combines  readily  with 
the  inactive  ac-tetrahydro-2-naphthol,  and  yields  a  mixture  of  {dl)  and 
{II)  carbamates,  of  which  the  {dl)  isomeride  is  less  soluble  in  dilute 
alcohol  than  the  {II).  The  subsequent  hydrolysis  of  the  carbamate  by 
alcoholic  sodium  hydroxide  presented  no  difficulty,  as  cZ-ac-tetrahydro- 
2-naphthol  is  not  racemised  by  prolonged  boiling  wdth  alcoholic 
alkaline  solutions.  As  a  general  rule,  the  racemisation  of  optically 
active  alcohols  does  not  seem  to  be  induced  by  mild  treatment  with 
alkalis.  This  is  notably  the  case  with  borneol,  menthol,  &c.,  whilst 
P.  F.  Frankland  and  Price  (Trans.,  1897,  71,  256)  found  that  amyl 
alcohol  was  only  i-eadily  racemised  by  sodium  and  hardly  ailected  by 
the  hydroxide. 

It  is  interesting  to  compare  the  properties  of  the  optically  active 
1:2:3: 4-tetrahydro-2-naphthol   with   those   of    the    optically  active 
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1  :  2  :  3  :  4-tetrahydro-2-naphthylamine  (Pope  and  Harvey,  Trans., 
1901,  79,  83)  and  1  :  2  : 3  : 4-tetrabydro-2-naphtboic  acid  (Pickard 
and  Yates,  this  vol.,  p.  1101). 

The  ease  with  which  the  free  base  is  racemised  (doubtless  owing  to 
the  configuration  of  the  nitrogen  atom)  is  in  marked  contrast  to  the 
stability  of  the  alcohol  and  the  acid,  which  are  not  racemised  by  mild 
treatment  with  alkalis. 

Whilst  a  strict  comparison  of  rotatory  power  of  such  dissimilar 
compounds  is  impossible,  the  following  table  shows  that  the  molecular 
rotatory  power  of  the  amine,  acid,  and  alcohol  are  approximately  as 
3:2:1. 

Molecular  Rotatory  Power. 

Aminp.  Acid.  Alcohol. 

Alone  at  16°     137°*  —  — 

In  CHCI3 —  91-2°  41-7° 

InC^H^    —  87-9°  40-9° 

Active  ion  in  water 130°  905°  — 

Experimental. 

The    ac-tetrahydro-2-naphthol     was    prepared     by    the    method  of 

Bamberger   and  Lodter  {Ber.,   1890,   23,    205)    by    the   reduction  of 

2-naphthol  by  sodium  in  amyl  alcoholic  solution,  and  boiled  at 
145 — 148°  under  a  pressure  of  20  mm. 


di-a.c-Tetrahydro-'2-naphthi/l  l-Menthylcarhamate. 

The  inactive  alcohol  (1  mol.)  was  heated  in  a  sealed  tube  with  l- 
menthylcarbimide  (1  mol.)  at  100°  for  forty  hours.  After  cooling, 
the  mixture  set  to  a  waxy  mass  and  was  then  repeatedly  crystallised 
from  dilute  alcohol  (about  70 — 80  per  cent.).  The  first  crop  melted 
very  indefinitely  at  104—109°  and  had  [ajo  -45-7°  in  chloroform 
and  [M]o  -  150-4°.  The  latter  value  approximates  to  the  fairly 
constant  value  of  the  molecular  rotatory  power  of  the  various  esters  of 
/-menthylcarbamic  acid  described  in  Part  II  (this  vol.,  p.  93). 

The  pure  {dl)  carbamate,  obtained  after  about  seven  crystallisa- 
tions, melts  sharply  at  131°  and  has  [a]o  -33-4°  in  chloroform 
and  [M]i,  -110°. 

The  following  table  shows  the  course  of  one  of  the  separations : 

*  Calculated  from  the  figiues  given  in  the  paper  by  Pope  and  Harvey  {loc,  cil.). 
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Melting  point.  [a]o  in  CHCI3. 

Istcrop 104—109"  -45-7° 

2nd  „    106—116  -43-5 

3rd   „    106—116  -42-3 

4th   „    105—119  -40-8 

5th   „    126  -37-6 

6th   „    130  -34-3 

7th   „    131  -33-3 

8th   „    131  -33-3 

The  (dl)  carbamate  crystallises  in  silky  needles,  is  insoluble  in 
watei',  but  dissolves  easily  in  the  common  organic  media  except  cold 
light  petroleum  and  alcohol.     It  is  not  volatile  with  steam. 

0-2945  gave  12*0  c.c.  nitrogen  at  24°  and  750  mm.     N  =  4'50. 
CgiHg-^OgN  requires  N  =  4*25  per  cent. 

1"1339  grams  made  up  to  20  c.c.  with  chloroform  gave  a^  -  3'79°,* 
whence  [aj^  -  33-4°  and  [M]d  -  110°. 

d-a,c-Tetrahydro-2-naphthol. 

4*6  grams  of  the  (dl)  carbamate  were  heated  in  a  reflux  apparatus 
with  50  c.c.  of  alcoholic  sodium  hydroxide  (SN'/i)  for  twenty-four 
hours.  The  alcohol  was  then  evaporated  and  the  residue,  after 
neutralisation  with  dilute  hydrochloric  acid,  distilled  with  steam.  The 
hydrolysis  was  practically  complete,  only  O'l  gram  of  unchanged 
carbamate  remaining  in  the  flask.  The  distillate  was  extracted  with 
ether  and  yielded  2  2  grams  of  a  pale  yellow  oil  which,  after 
desiccation  had  [a] D  +25"6°  in  chloroform.  It  was  distilled  under 
reduced  pressure,  yielding  1'9  grams  of  a  pale  yellow  refractive  oil 
boiling  at  155—160°  (25  mm.). 

1'9238  grams  made  up  to  25  c.c.  with  chloroform  gave  aj,  +4*34°, 
whence  [ajo  +  28-20°  and  [M]d  +41-7°. 

1-8804  grams  made  up  to  25  c.c.  with  benzene  gave  aj,  +4-16°, 
whence  [ajo  +27-65°  and  [M]i>  +40-9°. 

0-8  gram  was  heated  with  Z-menthylcarbimide  (equal  mols.)  for 
twenty-four  hours  in  a  sealed  tube  at  100°.  The  product  was  hard, 
brittle,  and  partly  crystalline.  After  one  crystallisation  from  alcohol 
it  was  obtained  in  silky  needles  melting  at  131°.  A  polarimetric 
observation  showed  that  no  racemisation  took  place  during  the  hydro- 
lysis of  the  carbamate. 

05958  gram  made  up  to  20  c.c.  with  chloroform  gave  a^  -  1*98°, 
whence  [a ]d  -33-23°. 

*  The  polarimetric  observations  recorded  in  tliis  paper  were  made  in  a  2-dcm. 
tube. 
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di-a,c-Tetrahydro-%miphthyl  Phenylcarhamate. 

The  phenylcarhamate  was  prepared  in  order  to  characterise  the 
active  alcohol.  Equivalent  quantities  of  the  active  alcohol  and 
phenylcarbimide  were  mixed  and  allowed  to  stand  for  sixteen  hours, 
when  the  mixture  set  to  a  crystalline  mass.  This  was  pressed  on  a 
porous  plate  and  extracted  with  dry  ether.  The  extract  crystallised 
from  dilute  alcohol  in  microcrystalline  needles  which  melted  at 
115 — 117°  [Bamberger  and  Lodter  {loc.  cit.)  give  the  melting  point  of 
the  phenylurethane  of  the  inactive  alcohol  as  9 8 '5°]. 

0-2760  gave  13-1  c.c.  of  nitrogen  at  20°  and  748  mm.     N  =  5-34. 
Cj^Hj^OgN  requires  N  =  5-24  per  cent. 

1-0112  grams  made  up  to  20  c.c.  with  chloroform  gave  a^  +2-55°, 
whence  [ajp  +25-21°  and  [M]d  +67-3°. 

0-9192  gram  made  up  to  19-9  c.c.  with  benzene  gave  a^  +2-97°, 
whence  [a] D  +32-14°  and  [M]d  +85-8°. 


1-ac-  Tetrahydro-2-naphthol. 

The  mother  liquor  from  the  first  crystallisation  of  the  crude 
carbamate  on  evaporation  deposited  a  further  crop  of  crystals.  These 
were  filtered  and  ^the  solution  evaporated  further,  when  an  oil 
separated  which  would  not  crystallise.  This  was  extracted  with  ether 
and  the  extract  distilled  with  steam.  The  portion  not  volatile  with 
steam  was  again  extracted  with  ether  and  yielded  an  impure  (11) 
carbamate,  which  melted  indefinitely  at  about  102°  and  had  [aj^ 
-  54-02°  in  chloroform.  This  product  was  hydrolysed  with  alcoholic 
sodium  hydroxide  as  before  and  yielded  a  pale  yellow  oil  which  gave 
the  following  result  in  the  polarimeter. 

1-2421  grams  made  up  to  20  c.c.  with  chloroform  gave  a^  -2-24°, 
whence  [a]p  -  18-03°.  The  product  then  contained  about  80  per  cent, 
of  the  Isevo-alcohol. 

"We  desire  to  express  our  thanks  to  the  Kesearch  Fund  Committee 
of  the  Chemical  Society  for  a  grant  defraying  much  of  the  cost  of  this 
work. 

Municipal  Tfx-hnical  School, 

Blackburn.  «k 


1258  TAYLOR:   THE    CONSTITUTION    OF    ACETONE. 


CXXVIII. — The  Constitution  of  Acetone. 

By  MiLLiCENT  Taylor. 

Some  fifteen  years  ago  a  series  of  papei's  was  published  by  Freer  {Amer. 
Chem.  J.,  1890,  12,  356;  1891,  13,  322;  1893,  15,  582;  Annalen, 
1893,  278,  116  ;  1894,  283,  380),  showing  that  sodium  directly  dis- 
places hydrogen  in  acetone,  and  that  the  resulting  "  sodium  acetone  " 
yields  isopropenyl  esters  with  acid  chlorides. 

Repeated  want  of  success  in  attempting  to  prepare  isopropenyl 
esters  from  sodium  acetone  led  to  the  further  investigation  of  the 
action  of  sodium  on  acetone,  and  the  behaviour  of  the  resulting  sub- 
stances with  acid  chlorides. 

The  determination  of  the  percentage  of  sodium  in  so-called  "  sodium 
acetone  "  shows  that  this  substance  consists  chiefly  of  caustic  soda 
mixed  with  a  small  proportion  of  the  sodium  derivatives  of  alcoholic 
reduction  and  condensation  products  of  acetone. 

The  action  of  "  sodium  acetone  "  on  ethyl  chloro-formate  yielded 
sodium  carbonate  together  with  small  quantities  of  ethyl  ?sopropyl 
carbonate  and  large  quantities  of  condensation  products  of  acetone. 
No  indication  of  the  formation  of  ethyl  isopropenyl  carbonate  was 
obtained. 

The  action  of  "sodium  acetone  "  on  ;>nitrobenzoyl  chloride  yielded 
^j-nitrobenzoic  acid  and  anhydride,  sodium  ^-nitrobenzoate,  and  a  small 
quantity  of  wopropyl  7;-nitrobenzoate. 

The  yield  of  these  substances  showed  conclusively  that,  allowing  for 
slight  loss  in  the  various  processes  carried  out,  the  total  quantity  of 
j5-nitrobenzoyl  chloride  was  accounted  for,  and  that  consequently  iso- 
propenyl  p-nitrobenzoate  could  not  have  been  formed. 

Finally,  the  action  of  Grignard's  reagent  on  acetone  itself  was  in- 
vestigated, but  only  negative  results  were  obtained,  no  methane  being 
liberated. 

The  rapid  action  of  sodium  on  an  ethereal  solution  of  acetone  is 
probably  due  primarily  to  traces  either  of  moisture  or  of  caustic  soda. 
When  every  precaution  is  taken  to  dry  the  acetone  and  the  ether 
employed  as  solvent,  sodium  does  not  act  immediately,  but  reaction 
becomes  evident  in  a  few  minutes  and  then  proceeds  rapidly.  Heintz 
{Annalen,  1875,  178,  342)  and  later  Koelichen  {Zeit.  fliysxkal.  Chem., 
1900,  33,  129)  have  shown  that  acetone  condenses  at  0°  and  at  the 
ordinai"y  temperature  under  the  influence  of  caustic  soda,  yielding 
diacetone-alcohol,  OH-C(CH3)2-CH2-CO-CF3. 

This  ketone  alcohol  is  readily  acted  on  by  sodium,  and  further  loses 
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water,  especially  in  the  presence  of  dehydrating  agents,  giving  mesityl 
oxide. 

It  follows  then  that  the  presence  of  traces  of  caustic  soda,  which 
are  most  difficult  to  avoid,  would  easily  account  for  its  further  forma- 
tion in  quantity  and  for  the  various  phenomena  observed. 

I.   The  Determination  of  the  Percentage  of  Sodium  in  ''Sodium  Acetone." 

The  ether  used  in  this  experiment  was  dried  over  phosphorus  pent- 
oxide,  then  left  for  a  week  in  the  dark  over  repeatedly  renewed  sodium 
and  potassium  wire,  and  finally  boiled  for  some  hours  with  these  metals. 
The  acetone  was  shaken  repeatedly  with  phosphorus  pentoxide  and 
distilled  through  a  Young's  still-head.  It  boiled  constantly  at  56"2° 
under  760  mm.  The  hydrogen  was  purified  by  means  of  caustic  sodn, 
soda-lime,  calcium  chloride,  sulphuric  acid,  and  phosphorus  pentoxide. 

The  apparatus  was  arranged  exactly  as  described  by  Freer  [Amer. 
Chevi.  J.,  1893,  15,  587),  except  that  a  slight  modification  was  intro- 
duced in  order  to  bring  about  more  rapid  filtration. 

The  sodium  dissolved  with  the  formation  of  a  white  precipitate 
which  settled  rapidly,  and  this  was  followed  by  the  gi-adual  separation 
of  a  less  dense  red  substance.  After  standing  for  one  hour,  the 
precipitate  was  washed  by  decantation  with  absolute  ether,  and  finally 
some  of  it  was  drawn  into  a  funnel  tube,  washed,  and  dried  in  a 
current  of  hydrogen  until  there  was  no  further  decrease  in  weight. 
The  solid  was  then  dissolved  in  water  and  titrated  with  normal 
sulphuric  acid. 

0-6275  required  10'25  c.c.  X-sulphuric  acid.     ]Sra  =  37-5. 
"Sodium  acetone"  requires  Na  =  28*75  per  cent. 

A  second  determination  of  the  sodium  in  the  precipitate,  wliich  had 
been  left  for  twenty-four  hours  in  an  atmosphere  of  hydrogen,  showed 
that  the  percentage  of  sodium  had  decreased. 

\    07968  required  11 '5  c.c.  iV^-sulphuric  acid.     Na  =  33. 

The  latter  result  is  approximately  the  percentage  of  sodium  required 
by  "  sodium  acetone,"  but  since  there  was  no  doubt  that  the  formation 
of  the  red  substance  was  due  to  some  secondary  change,  and  not  to  the 
direct  action  of  sodium  on  acetone,  the  solid  was  not  allowed  to  settle 
in  the  next  experiments,  but  the  liquid  was  filtei-ed  as  soon  as  it  was 
certain  that  the  whole  of  the  sodium  had  dissolved. 

In  two  experiments,  therefore,  0"7  gram  and  0*5  gram  of  sodium 
respectively  were  dissolved  in  a  larger  proportion  of  acetone  than  had 
been  used  previously ;  in  five  minutes,  the  whole  of  the  sodium  had 
disappeared,  and  the  mixture  was  then  stirred   for  ten  minutes,  the 
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precipitate  collected,  dried  in  a  current  of  hydrogen  until  its  weight  was 
constant,  then  dissolved  in  water  and  titrated  with  standard  sulphuric 
acid. 

Expt.    II.     0-2619  required  114-8  c.c.  i\720  H2SO4.     Xa  =  50-4. 

Expt.  III.     0-4806        „         105-4  c.c.  iVVlO  H2SO4.     Na  =  50-4. 

NaOH  requires  Na  =  57-5  per  cent. 

The  ethei'eal  solution  in  expei'iments  I  and  III  was  evaporated  in  a 
current  of  hydrogen.  It  contained  the  red  precipitate  which  formed 
after  decantation  or  filtration,  and  also  some  liquid  condensation 
products  of  acetone,  so  that  the  result  is  of  no  value  as  indicating  the 
composition  of  the  red  substance. 

Expt.  I.  0-69  of  residue  required  35-6  c.c.  iY/10  HgSO^. 
Na  =  ll-9. 

Expt.  III.  1-645  of  residue  required  82-5  c.c.  i\710  H2SO4. 
Na  =11-5  per  cent. 

This  result  is  recorded  because  it  has  been  stated  {Ame7\  Chem.  J., 
1893,  15,  587;  Annalen,  1893,  278,  116)  that  this  residue  has  a  com- 
position identical  with  that  of  the  first  precipitate  and  approximately 
that  of  "  sodium  acetone." 

II.  The  Action  of  Ethyl  Chloro-formate  on  '■^Sodium  Acetone." 

The  reaction  was  carried  out  several  times  under  slightly  different 
conditions  and  using  different  quantities  of  materials,  but  always  in 
accordance  with  the  directions  given  by  Freer  [Amer.  Chem.  J.,  1891, 
13,  319  ;  Annalen,  1894,  283,  380). 

In  each  case  the  result  was  the  same.  Large  quantities  of  difficultly- 
volatile  condensation  products  of  acetone  were  obtained,  together  with 
a  mixture  consisting  almost  entirely  of  mesityl  oxide,  diethyl, 
ethyl  {sopropyl  and  di-zsopropyl  carbonates,  boiling  between  120°  and 
140°. 

Details  of  three  of  these  preparations  are  recorded  here,  as  the 
results  not  only  give  no  indication  of  the  production  of  ethyl  wopropenyl 
carbonate,  but  they  afford  a  totally  different  and  yet  satisfactory 
explanation  of  the  facts  which  have  been  interpreted  as  indicating  the 
formation  of  that  ester. 

Preparation  I. — The  volatile  pi'oducts  of  the  reaction,  after  treat- 
ment with  phenj'lhydrazine  (the  substance  used  by  Freer  to  remove 
condensation  products  of  acetone),  gave  on  analysis  a  percentage  of 
carbon  greatly  in  excess  of  that  calculated  for  ethyl  wopropenyl 
carbonate.  The  substances  containing  this  high  percentage  of  carbon 
can  be  x'emoved  by  phenylhydrazine,  but  only  on  prolonged  treatment 
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with  this  reagent,  and  they  are  i^apidly  decomposed  by  dilute  sulphuric 
acid,  leaving  only  ethyl  tsopropyl  carbonate. 

Condensation  products  of  acetone  would,  however,  contain  a  higher 
percentage  of  carbon  than  ethyl  isopropenyl  carbonate,  and,  moreover, 
are  decomposed  by  dilute  sulphuric  acid  with  formation  of  acetone  ;  so 
that  although  the  results  of  this  prepai'ation  do  not  prove  the  absence 
of  ethyl  isopropenyl  carbonate,  they  certainly  indicate  that  such  con- 
densation products,  which  I  have  shown  are  difficult  to  remove,  may  be 
the  source  of  the  acetone  stated  {Annalen,  1894,  283,  380)  to  have 
been  obtai)"ied  by  saponification  of  the  esters. 

Ten  grams  of  sodium,  in  separate  quantities  of  one  gram,  were 
treated  with  acetone  in  ethereal  solution,  and  subsequently  with  ethyl 
chloro formate,  as  described  by  Freer  {Amer.  Chem.  J.,  1891,  13,  319), 
The  ether  was  evaporated  and  the  residue  fractionated  under  a 
pressure  of  250  mm.,  when  half  of  the  liquid  product  passed  over 
between  90°  and  110°.  After  treatment  with  phenylhydrazine,  the 
liquid  was  distilled  with  steam,  dried,  and  repeatedly  fractionated. 
The  largest  fraction  boiled  between  95°  and  96°  (250  mm.)  and  gave 
the  following  data  on  analysis  : 

0-2102  gave  0-4774  CO.,  and  0-1858  H.O.     C  =  61  -94  ;  H  =  9-82. 
Ethyl  ^■5opropenyl  carbonate,  C^jH-^qO^,  requires  C  =  55-38  ;  H  =  7"69. 
Mesityl  oxide,  C^H^yO,  requires  C  =  73-47;  H  =  10-20  per  cent. 

It  was  found  that  the  liquid  boiling  between  95°  and  96°  was 
capable  of  reacting  still  further  with  phenylhydrazine,  although  the 
reaction  was  extremely  slow,  and  after  being  allowed  to  remain  in 
contact  with  excess  of  this  reagent  for  four  days,  it  was  again  purified, 
and  the  analyses  given  below  show  that  a  fui-ther  quantity  of  some 
condensation  product  of   acetone  had  been  removed. 

0-2886  gave  0-2482  HgO  and  0-6358  COg.  C  =  59-46  j  H-9-56 
per  cent. 

Five  grams  of  this  liquid  were  then  digested  for  about  fifteen 
minutes  on  the  water-bath  with  very  dilute  sulphuric  acid,  to  decompose 
condensation  products  of  acetone.  As  soon  as  the  slow  formation  of 
small  bubbles  of  gas  indicated  the  incipient  decomposition  of  carbonic 
esters,  the  remaining  liquid  was  washed,  dried  over  calcium  chloride, 
and  distilled. 

It  was  then  found  to  boil  between  91°  and  94°  under  200  mm. 
pressure,  and  appeared  from  the  analysis  to  be  almost  pure  ethyl 
wopropyl  carbonate. 

(I)  0-2739  gave  0-5497  CO.,  and  0-2246  H„0.    C  =  54-78  ;  H  =  9-ll. 
(U)  0-1 147      „     0-2300  Cof,  and  0-0953  Up.    C  =  54-68  ;  II  =  9-23. 
C^HjgOg  requires  C  =  54*54 ;  H  =  909  per  cent. 
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A  comparison  of  the  properties  of  this  substance  with  synthetic 
ethyl  tsopropyl  carbonate,  formed  by  the  action  of  ethyl  chloro-formate 
on  sodium  isoproposide,  showed  that  the  two  were  identical  in  every 
respect.  The  boiling  points  were  92°  to  94°  (200  mm.)  and  130°  to  134° 
(760  mm,). 

0-3395  gave  0-6812  CO^  and  0-2763  R,0.     C  =  54-70;  H  =  9-04. 

Now,  had  ethyl  wopropenyl  carbonate  been  present,  it  would  very 
probably  have  been  decomposed  by  the  sulphuric  acid,  but  the  amount 
must  have  been  small,  since  the  digestion  was  stopped  and  the  acid 
removed  on  the  first  indication  of  the  liberation  of  carbon  dioxide. 
The  chief  value  of  this  result,  however,  lies  in  the  fact  that  it  indicates 
the  presence,  with  the  carbonic  esters,  of  condensation  products  of 
acetone,  which,  though  readily  decomposed  by  dilute  acid,  are  not  so 
easily  removed  by  phenylhydrazine. 

Preparation  II. — Since  it  was  possible  that  digestion  with  dilute 
sulphuric  acid  or  even  prolonged  treatment  with  phenylhydrazine 
might  bring  about  the  decomposition  of  ethyl  isopropenyl  carbonate, 
a  much  larger  quantity  of  material  was  prepared  and  an  attempt  was 
made  to  isolate  the  latter  ester  by  repeated  fractionation.  The 
product  from  300  c.c.  of  acetone,  32  grams  of  sodium,  and  140  c.c. 
of  ethyl  chloro-formate  yielded  75  grams  of  liquid,  boiling  below  134°, 
and  this,  on  repeated  fractionation  under  atmospheric  pressure,  gave 
two  large  fractions.     The  first  boiled  at  127 — 127-5°,  and  on  analysis  : 

0-2664  gave  0-5604  CO2  and  0-2188  HgO.     0  =  57-37;  H=9-13; 

the  other,  which  boiled  at  127-5 — 1282°,  was  also  analysed: 

0-3090  gave  0-6510  COg  and  0-2554  HgO.  C  =  57-44;  H  =  9-18. 

0-3215     „     0-6738  CO2  and  0-2663  HoO.  0  =  57-15 ;  H  =  9-20 ; 

whilst  ethyl  tsopropenyl  carbonate  requires  0  =  55-38;   H  =  7-69   per 
cent. 

The  united  liquids  were  then  left  in  contact  with  phenylhydrazine 
for  a  fortnight,  purified  as  previously  described,  and  repeatedly 
distilled  under  atmospheric  pressure  with  a  five-section  Young's  still- 
head.     Four  fractions  having  the  following  characters  were  obtained  : 

Fraction  I,  125—126°.  0-1570  gave  0-2940  CO2  and  0-1309  HgO. 
0  =  51-07;  H  =  8-56. 

Fraction  II,  127—128°.  0-2552  gave  0-4974  OO2  and  0-2004  HgO. 
0  =  53-15;  H  =  8-73. 

Fraction  III,  129—130°.  0-3138  gave  0-6112  00^  and  0-2491  HgO. 
0  =  53-12;  H  =  8-84. 

Fraction  IV,  130—132°.  0-3069  gave  0-6067  OOg  and  0-2482  HgO. 
0  =  53-91;  H  =  8-99. 
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Fraction  I  was  evidently  nearly  pure  diethyl  carbonate  (b.  p.  =  126°  ; 
C  =  50'85;  and  H  =  8"48  per  cent.),  and  the  others  appear  to  consist  of 
diethyl  carbonate  mixed  with  ethyl  {sopropyl  carbonate.  Freer,  who 
found  the  vapour  density  of  the  fraction  129 — 130°  to  be  4*44,  con- 
cluded that  this  was  nearly  pure  ethyl  zsopropenyl  carbonate,  but  the 
vapour  density  of  a  mixture  of  diethyl  carbonate  and  ethyl  isopropyl 
carbonate  having  the  composition  indicated  by  the  above  analysis 
•would  have  nearly  the  same  vapour  density,  namely,  4"38. 

The  fraction  130 — 132°,  containing  about  83  per  cent,  of  ethyl 
tsopropyl  carbonate  and  17  per  cent,  of  diethyl  carbonate,  should  yield 
34  per  cent,  of  carbon  dioxide  on  hydrolysis  :  Freer  actually  found 
33-89  per  cent. 

Preparation  III. — The  results  just  recorded  indicate  the  formation 
of  a  large  quantity  of  diethyl  carbonate,  and  on  repeating  the 
experiment  precautions  were  taken  wholly  to  remove  all  alcohol  from 
the  ether  employed  as  a  diluent.*  The  acetone  was  obtained  by 
fi-actionation  of  a  dried  specimen  from  the  bisulphite  compound  and 
boiled  at  56 — 56-5°,  and  the  ethyl  chloro-formate  was  dried  over 
phosphorus  pentoxide  and  boiled  at  90"5°  under  733  mm.  pressure. 
It  was  found  that  the  yield  of  liquid  boiling  at  120 — 140°  was  much 
reduced,  and  after  treatment  with  phenylhydrazine  was  finally 
resolved  by  distillation  at  a  pressure  of  200  mm.  with  a  three-section 
Young's  still-head  into  the  following  portions,  each  weighing  from 
2  to  3 '2  grams. 

(I)  B.  p.  86—88°.  02145  gave  0-4220  CO2  and  0-1716  HgO. 
C  =  53-66;  H  =  8-89. 

(II)  B.  p.  88—90°.  0-1792  gave  0-3570  CO^  and  0-1467  H2O. 
C  =  54-04;  H  =  9-02. 

(III)  B.  p.  90—92°.  0-2319  gave  0-4571  CO.,  and  0-1860  HgO. 
0  =  53-74;  H  =  8-91. 

(IV)  B.  p.  92—94°.  0-1868  gave  0-3778  CO.,  and  0-1532  H.,0. 
0  =  55-16;  H  =  911. 

(V)  B.  p.  94—96°.  0-1916  gave  0-3858  CO^  and  0-1604  Hp. 
0  =  54-92;  H  =  9-30. 

Assuming  that  the  residue  in  the  still-head  had  the  same 
composition  as  the  last  fraction,  the  mean  percent.age  of  carbon  and 
hydrogen  in  the  fractionated  liquid  was  C  =  54-37  ;  11  =  908  per  cent. 

In  no  case,  it  will  be  seen,  does  the  amount  of  hydrogen  approach  the 
number  calculated  for  ethyl  tsopropenyl  carbonate,  and  the  analyses 

This  is  a  matter  of  considerable  difficulty  unless  phosphorus  2)entoxide  as  well  as 
sodium  is  used  for  the  jiurposc  ;  there  can  be  no  doubt  that  Freer's  results  also  were 
due  to  tlie  presence  of  alcohol  in  the  ether  cniidoycd^by  him  {Avier.  Chan.  J.,  1893, 
15,  500). 

VOL.    LXXXIX.  4    O 


1264  TAYLOR:   THE   CONSTITUTION   OF   ACETONE. 

indicate  that  the  liquid  consisted  of  ethyl  isopropyl  carbonate,  which 
appears  to  decompose  slightly  on  distillation  even  under  reduced 
pressure  into  diethyl  and  diisopropyl  carbonates. 

Saponification  of  the  Esters. 

Fifteen  grams  of  the  various  fractions  boiling  under  atmospheric 
pressure  from  127°  to  133°  wei-e  saponified  on  a  water-bath  with  dilute 
hydrochloric  acid,  great  care  being  taken  that  no  volatile  products 
escaped.  One  gram  of  unsaponifiable  oil  was  obtained,  and  a  liquid 
which,  after  drying  and  distilling,  boiled  between  78°  and  82°  and 
weighed  between  9  and  10  grams.  Since  the  theoretical  yield  of 
alcohols  from  14  grams  of  mixed  esters  is  about  11  grams,  it  is 
evident  that  acetone  has  neither  been  lost  nor  destroyed  during  these 
processes.  On  fractionating  the  liquid,  no  traces  of  the  more  volatile 
substance  could  be  obtained,  although  every  precaution  was  taken. 
The  results  of  the  fractionation  were  as  follows  : 

(I)  77-5— 79-5°,  4-6  grams;  (II)  79-5— 80-0°,  1-6  grams;  (III)  above 
80°,  2-5  grams. 

An  analysis  of  the  first  fraction  showed  that  it  was  pure  ethyl 
alcohol. 

0-3270  gave  0-6263  CO2  and  0-3838  HgO.     C  =  52-25  ;  H  =  13  04. 
C2HgO  requires  C  =  52-17  ;  H  =  13-04  per  cent. 

Evidently  then  the  ethyl  and  isopropyl  alcohols  obtained  are  quite 
free  from  acetone. 

The  products  of  higher  boiling  point  were  distilled  under  a  pressure 
of  30  mm.,  and  the  distillate  which  passed  over  between  130°  and  170° 
partially  crystallised  on  standing.  The  semi-solid  mass  was  drained 
on  a  porous  tile  and  recrystallised  from  ether,  when  a  crystalline 
substance,  melting  at  177°,  was  obtained,  which  volatilised  without 
decomposition  under  atmospheric  pressure.  On  boiling  with  soda  or 
baryta,  the  substance  decomposed,  yielding  carbon  dioxide,  but  the 
amount  available  was  insufiicient  for  further  examination.  It  crystal- 
lised with  unchanged  melting  point  after  dissolving  in  ether  and  treat- 
ment with  phenylhydrazine. 

The  molecular  weight  was  determined  by  the  ebullioscopic  method, 
using  benzene  as  solvent. 

(I)  0-1975  gram  in  12-83  grams  of  benzene  raised  the  boiling  point 
0-250°;  molecular  weight,  164-4. 

(II)  0-3023  gram  in  12-83  grams  of  benzene  raised  the  boiling  point 
0-354°;  molecular  weight,  177*7. 

The  vapour  density  was  determined  by  V.  Meyer's  method,  using  a 
hot-air  jacket. 
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(I)  0'1936  gave  22*5  c.c.  at   16°  and  757  mm.;  molecular  weight 
=  208. 

(II)  0-1983  gave  23-5  c.c.  at  16-5"  and  757  mm.  ;  molecular  weight 
=  204. 

On  analysis  : 

(I)  0-2087  gave  0-4567  CO,  and  0-1595  H.O.    0  =  59-69;  H  =  8'55. 
(11)01657     „     0-3603  00.^    „    0-1278  HgO.    0  =  59-86 ;  H  =  8-57. 
OjQHjgO^  i-equires  0  =  59-41  ;  H  =  8-91  per  cent.,  and  molecular 
weight  =202. 

It  is  probable  that  this  substance  is  diacetone  isopropyl  carhonate, 

(OH3)2C(-0-002-03H.)-CH.2-00-OH3, 

since  diacetone  alcohol,  (CIl3)2:0-(OH)-OH2-00-OH3,  is  produced  by 

the  action  of  alkalis  on  acetone  (Koelichen,  Zeit.  jihysikal.  Chem.,  1900, 

33,  129). 

III.  The  Action  of  ^-Niirohenzoyl  Chloride  on  ^'Sodium  Acetone^ 

The  difficulty  of  investigating  the  action  of  ethyl  chloi-oformate  on 
"  sodium  acetone "  arose  from  the  fact  that  the  boiling  points  of  the 
esters  formed  lie  very  near  the  boiling  point  of  mesityl  oxide.  Their 
isolation  is  consequently  impossible  unless  some  reagent  such  as  phenyl- 
hydrazine  is  used  to  remove  the  mesityl  oxide,  and  it  is  conceivable 
that  long  standing  with  this  substance  might  decompose  ethyl  iso- 
propenyl  carbonate.  This  difficulty  does  not  arise  if  the  acid  chloride 
employed  yields  solid  esters, 

/3-Nitrobenzoyl  chloride  was  found  to  be  very  suitable,  not  only  on 
account  of  its  crystalline  esters,  but  because  the  anhydride  is  almost 
insoluble  in  water  and  ether,  and  can  be  easily  separated  from  the 
other  products  of  the  reaction,  consequently  allowing  a  determination 
of  the  yield  of  each  product.  It  was  found  that  the  whole  of  the 
acid  chloride  employed  was  converted  into  acid  anhydride,  acid  (or 
sodium  salt),  and  tsopropyl  ester,  leaving  no  possibility  of  the 
formation  of  other  compounds.  The  action  of  the  so-called  "  sodium 
acetone"  on  /j-nitrobenzoyl  chloride  therefore  consists  entii-ely  in 
the  action  of  caustic  soda  mixed  with  some  sodium  zsopropoxide  on 
the  latter  substance.  The  reaction  was  carried  out  under  the  same 
conditions  as  those  described  by  Freer  {Amer.  Chem.  J.,  1893,  15, 
595)  in  the  case  of  benzoyl  chloride,  and  the  ether,  hydrogen,  and 
acetone  were  purified  as  previously  described.  After  recrystullising 
from  chloroform,  the  /)-nitrol)enzoyl  chloride,  which  melted  sharply 
Jit  73'^,  was  disi^olved  in  four  or  five  times  its  weight  of  other  and 
then  added  to  the  "sodium  acetone." 

4  O  2 
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Preparation  I. — Altogether  20  grams  of  sodium  were  dissolved  in 
200  c.c.  of  acetone,  and  153  grams  of  ^>nitrobenzoyl  cliloride  {the 
calculated  quantity  is  161  grams)  were  subsequently  added.  The 
"sodium  acetone"  was  cooled  by  ice-water  during  the  addition  of  the 
acid  chloride.  After  long  standing  in  an  atmosphere  of  hydrogen,  the 
products  of  the  reaction  consisted  of  a  brown,  insoluble  substance  and 
a  dark  ethereal  solution  with  acid  properties.  The  former  was  a 
mixture  of  sodium  chloride,  sodium  nitrobenzoate,  and  the  anhydride 
of  nitrobenzoic  acid.  The  anhydride  melted  between  175'^  and  178°, 
and,  after  reprecipitation  from  benzene  by  light  petroleum,  consisted 
of  an  ochreous,  amorphous  substance  melting  from  175°  to  179°. 

0-4763  gave  37-6  c.c.  of  moist  nitrogen  at  15-5°  and  736  mm.  N  =  894. 
j»-Nitrobenzoic  anhydride,  Cj^^HgO-No.  requires  N  =  8'86  per  cent. 

The  ethereal  solution  Avas  freed  from  nitrobenzoic  acid  and  a  little 
anhydride  by  repeatedly  shaking,  first  with  sodium  hydrogen  carbonate 
solution  until  the  latter  gave  only  a  faint  cloudiness  on  acidifying,  and 
then  with  sodium  carbonate.  Caustic  soda  was  not  employed  at  this 
stage,  as  it  was  conceivable  that  any  unstable  ester  present  might  be 
decomposed  by  the  alkali.  The  ether  was  then  evaporated  from  the 
dried  solution,  and,  after  standing  some  time,  brown  crystals  separated 
from  the  oily  residue.  These  were  drained  at  the  pump,  and  aboiit 
8  grams  of  crystals,  melting  from  95°  to  103°,  were  obtained 
eventually.  The  ethereal  solution  of  the  crystals  was  shaken  up 
with  1  per  cent,  caustic  soda  solution,  which  extracted  less  than 
0  6  gram  of  acid,  so  that  evidently  no  easily  decomposable  ester  was 
present.  On  recrystallisation  from  ether,  the  crystals  melted  between 
107°  and  108°. 

0-1616  gave  0-3479  CO,  and  0-0820  H,0.     C  =  58-71  ;  H  =  5-64. 

After  sublimation,  the  crystals  melted  at  108°. 

0-1841  gave  0-3897  CO.^  and  0-0902  H.A     C  =  57-72;  H  =  5-44. 
?soPropyl /(-nitrobenzoate,  CjqHj^04N,  I'equires  C  =  57-42  ;  H  =  5-26. 
■isoPropenyl  j3-nitrobenzoate,  C10H9O4N,     „         C  =  57-97  ;  H  =  4-32 

per  cent. 

isoPropyl  -^-nitrohenzoati  was  then  synthesised  by  the  action  of 
jp-nitrobenzoyl  chloride  on  potassium  wopropoxide  in  order  to  compare 
its  properties  with  those  of  the  above  substance.  After  recrystallisa- 
tion from  ether  it  melted  at  from  95°  to  107°;  after  sublimation,  at 
from  107°  to  108° ;  and  on  resublimation,  at  108°. 

0-2166  gave  12-7  c.c.  of  moist  nitrogen  at  12-5°  and  762  mm.  N  =  6-97. 
isoPropyl  fi-nitrobenzoate,  CjqHj^O^N,  requires  N  =  6-70  per  cent. 
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This  places  beyond  doubt  the  identity  of  wopropyl  p-nitrobenzoate 
with  the  only  ester  obtained  by  the  action  of  jo-nitrobenzoyl  chloride 
on  "  sodium  acetone." 

Preparation  II. — In  a  second  experiment,  10"4  grams  of  sodium 
dissolved  in  excess  of  acetone  were  allowed  to  react  with  83"5  grams 
of  /)-nitrobenzoyl  chloride ;  these  proportions  differ  from  those  taken 
in  the  first  experixnent  only  in  the  fact  that  in  this  case  the  calculated 
quantity  of  chloride  was  used.  This  was  found  to  make  the 
separation  of  the  various  products  in  a  state  of  comparative  purity 
much  easier.  Scarcely  any  sodium-  7;-nitrobenzoate  was  found  in 
the  products  soluble  in  water,  and  the  proportion  of  acid  was 
smaller,  and  of  the  anhydride  much  larger,  than  in  the  last  case. 
After  the  reaction  was  complete,  59  grams  of  chloride  were  recovered 
as  anhydride,  20  grams  as  acid,  and  2  or  3  grams  as  ester  (m.  p.  108° 
after  purification),  making  up  altogether  81  to  82  of  the  total  83 "5 
grams  used.  There  is  no  doubt  that  the  remaining  2  or  3  grams  can 
be  accounted  for  by  the  solubility  of  the  acid  in  water,  some  being 
lost  in  the  aqueous  washings,  in  the  sodium  hydrogen  carbonate,  and 
other  solutions  after  acidifying,  and  also  by  the  fact  that  it  was 
impossible  to  separate  the  whole  of  the  ester  from  the  condensation 
products  of  acetone. 

It  can  therefore  be  defioitely  stated  that  the  action  of  so-called 
"  sodium  acetone "  on  /)-nitrobenzoyl  chloride  is  no  other  than  that 
of  caustic  soda  and  sodium  isopropoxide  on  the  latter  substance. 

With  the  object  of  obtaining  definite  knowledge  of  the  properties 
of  isopropenyl  esters,  and  so  ensuring  their  recognition,  several 
attempts  were  made  under  varying  conditions  to  prepare  isopropeuyl 
jj-nitrobenzoato  by  the  action  of  the  silver  salt  on  /?-bromopropylene, 
CHg-CBrlCH.. 

In  every  case  a  negative  result  was  obtained  ;  a  very  small  quantity 
of  /i-nitrobenzoic  acid  was  isolated,  but  nearly  the  whole  of  the  silver 
salt  remained  undecomposed,  and  no  ester  could  be  detected. 

This  result  was  not  unexpected,  as  other  halogen  derivatives 
of  allylene  and  propylene  have  been  observed  by  Reboul  [Aim.  Chiin. 
I'hys.,  1878,  14,  435)  and  Oppenlieim  {Bull.  Sue.  c/iim.,  1865,  [ii],  4, 
■131)  to  show  similar  stability  towards  .silver  and  potassium  salts. 

In  conclusion,  I  wish  to  express  my  thanks  to  Dr.  Francis,  of 
University  College,  Bristol,  for  his  advice  and  suggestions  throughout 
the  work. 

Laiiies'  College 
Cheltknham. 
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OXXlX.—Tetrazoline.     Part  IV. 

By  Siegfried  Ruhemann. 

The  properties  of  the  colourless  iodide,  CgH^N^I,  and  its  dark  blue 
periodide,  CgHyN^Ig,  which  substances  are  obtained  on  digesting  tetr- 
azoline  with  methyl  iodide,  led  Ruhemann  and  Merriman  (Trans., 
1905,  87,  1768)  to  the  conclusion  that  these  compounds  owed  their 
formation  to  the  following  change  of  the  base  into  its  isomeride  : 

This  transformation,  which  appeared  to  be  supported  by  the 
behaviour  of  tetrazoline  towards  platinic  chloride,  was  assumed  to  take 
place  also  by  the  action  of  aldehydes  on  the  base  when  compounds 
were  produced,  which  were  represented  thus  : 

Stolle,  however  (Ber.,  1906,  39,  826),  is  of  opinion  that  the  formula 

CH.         CH*R/CH     should     be     assigned    to    these    condensation 

N^ N 

products,  because  benzaldehyde  reacts  with  C-diphenyltetrazoline  *  to 
yield   benzylidene-C-diphenyltetrazoline,  which  must   be   represented 

by  the  formula  CgHs-C.         CH-OgHs^C'CeHs. 

N^^ N 

In  a  recent  note  {Ber.,  1906,  39,  1228)  I  have  pointed  out  that 
such  a  conclusion  appears  not  to  be  justified  on  account  not  only  of 
the  facts  recorded  before  by  Ruhemann  and  Merriman  {loc.  cit.),  but 
also  owing  to  the  results  of  the  study  of  C-dimethyltetrazoline  con- 
tained in  this  paper.  Whilst  tetrazoline,  on  treatment  with  methyl 
iodide,  yields  the  blue  periodide,  CgH^N^Ig,  as  well  as  the  colourless 
iodide,  CgHyN^I,  C^-dimethyltetrazoline,  on  treatment  with  methyl 
iodide,  yields  almost  exclusively  the  colourless  iodide,  C^Hj^N^I,  which 

*  I   have  adopted  for  the  compound   CH^i^ji.-vr^CH    the    appropriate    name 

tetrazoline,  which  had  been  proposed  by  Pellizzari ;  accordingly  the  derivatives  with  j 
substitucnts  in  the  imino-groups  may  be  termed  iV-substitution-products,  for  example, 
iV"-diphenyltetrazoline,  whilst  those   with  substituents  in  the  CH-groups  may    beJ 
indicated  by  the  prefix  C  ;  for  example,  C-dimethyltetrazoline. 
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by  the  action  of  iodine  is  transformed  into  the  periodide,  Cr,Hj^N^Tg, 
and  this  is  not  blue,  but  brown.  Again,  the  alkaline  solution  of  the 
substance  CjHj^N^I  does  not  turn  violet  on  ex^^osure  to  the  atmos- 
phere, as  does  the  iodide,  CgllyN^I.  It  follows,  therefore,  that  tetr- 
azoline  and  C-dimethyltetrazoline  differ  from  each  other  as  regards 
their  behaviour  towards  methyl  iodide.  A  further  difference  is 
apparent  in  the  properties  of  the  compounds  which  these  bases  yield 
with  aldehydes.  It  has  been  mentioned  in  the  previous  paper  {loc. 
cit.)  that  an  alcoholic  solution  of  a  mixture  of  C-dimethyltetrazoline, 
benzaldehyde,  and  a  few  drops  of  piperidine  does  not  yield  a  solid 
product  even  after  several  days.  I  have  since  found  that  a  con- 
densation product  is  formed,  which  is  readily  soluble  in  alcohol ; 
the  yield,  however,  is  so  small  that  it  has  not  been  further  examined. 
Salicylaldehyde  condenses  with  C-dimethyltetrazoline  more  easily,  and 
yields  a  substance  the  properties  of  which  are  unlike  the  product  of 
the  reaction  between  the  aldehyde  and  tetrazoline.  It  contains  1  mol. 
of  water  of  crystallisation,  which  it  loses  at  100°;  it  is  sparingly 
soluble  in  cold  dilute  hydrochloric  acid,  and  this  solution  does  not 
give  a  precipitate  with  platinic  chloride,  whilst  the  corresponding 
substance,  as  well  as  the  other  condensation  products  of  aldehydes 
with  tetrazoline,  are  readily  soluble  in  the  acid  and  form  platini- 
chlorides.  These  facts  confirm  the  view  which  Ruhemann  and 
Merriman  had  arrived  at  in  the  course  of  their  investigation.  It 
would  follow,  therefore,  that  the  substances  which  are  obtained  by  the 
interaction  of  aldehydes  and  C-dimethyltetrazoline  or  its  analogues 
must  be  expressed  by  structural  formula?  different  from  those  of  the 
corresponding  compounds  formed   from  tetrazoline.     In  view  of  the 

facts  known  up  to  the  present,   the  formula  Il*CHIC<s.-KTTT.-vr^CH 

for  the  latter  compounds  appears  to  be  the  most  probable  one ;  the 
others,  however,  ^^for  example,  benzylidene-C-diphenyltetrazoline,  are 
to  be  represented  thus  : 


\/ N^ 

Bisdiazomethane,  CH2<^-j^'-x^^CH2,  reacts  with  aldehydes  to  yield 

compounds  which,  no  doubt,  have  the  formula  R-CIi:C<tT:?l>Cir.,. 

These  resemble  the  corresponding  derivatives  of  tetrazoline  in  their 
property  of  being  readily  hydrolysed  ;  they  differ,  however,  from  tlieni 
inasmuch  as  their  solutions  in  dilute  hydrochloric  acid  do  not  yield 
precipitates  with  platinic  chloride. 
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Experimental 

Action  of  Methyl  Iodide  on  G-Dimethylletrazoline. 

This  reaction  takes  place  on  heating  the  base,  dissolved  in  methyl 
alcohol,  with  an  excess  of  methyl  iodide  in  a  closed  tube  at  100°. 
After  six  hours'  digestion,  the  tube  was  opened,  when  a  colourless 
inflammable  gas  escaped,  which  was  most  probably  methyl  ether.  On 
evaporating  the  slightly  brown  liquid  which  is  formed,  an  oil  remained 
together  with  a  small  quantity  of  a  brown,  crystalline  solid.  This  is 
an  additive  product  of  iodine  with  the  iodide,  C^^H^j^N^I,  contained  in 
the  oil.  The  latter  substance  was  not  isolated,  but  was  transformed 
into  its  periodide  by  mixing  the  aqueous  solution  of  the  oil  with  a 
solution  of  iodine  in  alcohol.  The  precipitate  which  was  formed  was 
collected,  washed  with  chloroform,  in  which  it  is  insoluble  in  the  cold, 
and  crystallised  from  a  hot  mixture  of  methyl  alcohol  and  chloroform. 
The  brown  needles  which  separate  on  cooling  melt  at  101°,  as 
previously  stated  (Ruhemann  and  Merriman,  loc.  cit.). 

0-2042  gave  0-0895  CO.  and  0-0410  H^O.     0  =  11-95;  H  =  2-23. 
0-2315      „     22  c.c.  moist  nitrogen  at  18°  and  752  mm.     N  =  10-86. 
0-2087      „     0-2886  Agl.     1  =  74-71. 
C5HiiTSr4l3 requires  C  =  11-81  ;  H  =  2-16  :  N  =  11-02  ;  I  =  75-0  percent. 

On  boiling  the  periodide  with  water,  it  melted,  and  iodine  was 
liberated,  which  was  removed  by  distillation  with  steam.  The 
remaining  yellow  solution  contained  the  iodide,  C^Hj^N^I;  this  was 
not  purified,  but  was  transformed  into  the  corresponding  chloride  by 
boiling  the  solution  with  an  excess  of  silver  chloride  and  evaporating 
the  filtrate  on  the  water-bath.  The  solid  residue  dissolved  in  hot 
alcohol  and,  on  cooling,  separated  in  colourless  crystals,  which  melted 
at  171 — 172°  and  were  exceedingly  soluble  in  water.  The  constitution 

of    the  chloride    is  CH3*C<^-j^ttJ ^^^C*CH3,HC1;  its  composition 

has  been  verified  by  a  nitrogen- determination  of  a  sample  which  had 
been  dried  at  110°. 

0-1908  gave  56-4  c.c.  moist  nitrogen  at  18°  and  766  mm.   N  =  34-38. 
CgHjjN^Cl  requires  ISr  =  34-46  per  cent. 

On  mixing  concentrated  alcoholic  solutions  of  the  chloride  and 
platinic  chloride,  the  2)latinichlo7'ide  is  precipitated.  It  readily 
dissolves  in  boiling  water  and,  on  cooling,  crystallises  in  orange  prisms 
which  melt  at  220°  with  evolution  of  gas. 

0-2473  gave  37  c.c.  moist  nitrogen  at  21°  and  752-5  mm.   N  =  16-85, 
0-2735,  on  ignition,  left  0-0805  Pt.     Pt  =  29-43. 

(C5HioNJ,,H,PtCl6  requires  N  =  16-93  ;  Pt  =  29-39  per  cent. 
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The  aurichloride  is  formed  -in  yellow  needles  on  mixing  concentrated 
aqueous  solutions  of  the  chloride,  CgHj^^N^Cl,  and  auric  chloride. 

0-2560,  on  ignition,  left  0-1083  Au.    Au  =  42-30. 

C5HjqN^,HAuC1^  requires  Au  =  42-29  per  cent. 

The  salt  readily  dissolves  in  alcohol,  especially  when  hot ;  it  is 
easily  soluble  in  water,  and  the  yellow  solution,  on  being  kept  over- 
night, loses  hydrogen  chloride  and  deposits  an  orange  solid. 

01437  yielded  0-0662  Au.     Au  -  46-05. 

CgHjQN4,AuCl3  requires  Au  =  45-83  per  cent. 

The  aurichloride,  therefoi-e,  is  transformed  into  a  double  compound 
of  the  base,  CgHjQN^,  and  auric  chloride,  whilst  the  corresponding 
platinichloi'ide  does  not  appear  to  be  decomposed  in  aqueous  solution 
to  yield  a  similar  additive  product. 

The  behaviour  of  tetrazoline  towards  platinic  chloride,  which 
Ruhemann  and  Merriman  had  recorded  (Joe.  cit.),  has  induced  me  to 
examine,  also,  the  action  of  auric  chloride  towards  this  base.  In  this 
case,  I  have  not  been  able  to  obtain  the  aurichloride,  but  instead  of  it 
the  additive  compound,  C^H^N^jAuClg,  is  formed.  This  is  precipitated 
on  adding  auric  chloride  to  an  aqueous  solution  of  tetrazoline  hydro- 
chloride ;  it  is  sparingly  soluble  in  alcohol,  but  insoluble  in  cold  water ; 
it  sinters  at  about  70°  and  melts  at  120°  to  a  deep  red  liquid. 

0-2518  gave  0-1278  Au.     Au  =  50-75. 

C2H4N'^,AuCl3  requires  Au  =  50-70  per  cent. 


Action  of  Aldehydes  on  G-Dimethjltetrazoline. 

As  stated  in  the  introduction,  I  have  not  examined  the  substance 
which  is  formed  in  small  quantity  from  6'-dimethyltetrazoliue  and 
benzaldehyde.  The  corresponding  product  of  the  reaction  between 
salicylaldehyde  and  the  base,  salicylidene-(J-dimethyUetrazoline, 

yy^-J ^ 

CHa'C.        CH-CgH^-OH^C-CHg, 

N^ N 

is  produced  on  adding  piperidine  (6  drops)  to  a  mixture  of  the 
aldehyde  (1-7  grams)  and  the  base  (15  grams)  dissolved  in  alcohol.  The 
solution  turns  yellow  and,  in  the  course  of  a  few  hours,  sets  to  a  semi- 
solid mass  of  crystals.  The  compound  dissolves  in  hot  dilute  alcohol 
and,  on  cooling,  separates  in  colourless  plates  which  become  ojijaque  at 
100°  and  melt  at  183°.  The  substance,  dried  in  a  vacuum  desiccator 
over  sulphuric  acid,  gave  the  following  results  on  analysis  : 
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0-1957  gave  0-4042  CO2  and  0-1058  H.^O.    C  =  56-32  ;  H  =  6-07. 
0-1725     „     36-8  c.c.  moist  nitrogen  at  19°  and  746  mm.  ISr  =  24-05. 
0-1728,  on  drying  at  100%  lost  0-0135.     H20  =  7-81. 
CiiHjoON^.HaO  requires  C  =  56-41;  H  =  5-98;  N  =  23-92;  H20-7-69 

per  cent. 

Salicylidene-C-dimethyltetrazoline  is  readily  hydi-olysed  by  mineral 
acids ;  it  is  sparingly  soluble  in  cold  dilute  hydrochloric  acid,  and  this 
solution  does  not  give  a  precipitate  with  platinic  chloride. 

With  cinnamylaldehyde,  C-dimethyltetrazoline  yields,  under  the 
same  conditions, 

Cinnamylidene-C-dimethyltefrazoline. 

This  separates  in  colourless  needles,  which  readily  dissolve  in  boiling 
alcohol  and  melt  at  243°. 

0-1697,  dried  at  100°,  gave  36-5  c.c.  moist  nitrogen  at  19°  and  7625 
mm.     N  =  24-79. 

CjgHj^N^  requires  N  =  24*78  per  cent. 

Action  of  Aldehydes  on  Bisdiazometlmne. 

Bisdiazomethane  was  prepared  according  to  Hantzsch  and  Silberrad's 
directions  {Ber.,  1900,  33,  76)  by  heating  ethyl  diazoacetate  with 
caustic  potash  on  the  water-bath.  Several  days'  digestion  is  necessary 
until  most  of  the  salt  which  is  first  produced  has  dissolved.  The 
viscous  fluid,  after  washing  with  alcohol,  is  mixed  with  water,  and  the 
ice-cold  solution  carefully  treated  with  dilute  sulphuric  acid,  when  tris- 
bisdiazomethanetetracarboxylic  acid  is  precipitated.  The  amount  of 
this  acid  which  is  formed  is  very  small,  but  the  yield  of  bisdiazomethane 
which  is  produced  on  melting  the  acid  is  almost  quantitative.  After 
repeated  crystallisation  from  alcohol,  bisdiazomethane  melted  at  155°. 
The  dihydrotetrazine  condenses  with  only  1  mol.  of  an  aromatic 
aldehyde,  and  the  reaction  takes  place  on  adding  a  few  drops  of  piper- 
idine  to  the  alcoholic  solution  of  the  mixture.  The  yield  of  the  re- 
crystallised  compounds  is  unsatisfactoiy  owing  to  the  circumstance 
that  they  are  hydrolysed  with  great  ease,  even  by  hot  water. 


(2)  (1)  ^     ^^NIN^^ 

Salicylidenehisdiazomethane,  O H  •  CgH^  •  C H !  C\ii^ !  I^^C H g. 

The  action  of  piperidine  on  a  mixture  of  salicylaldehyde  and  bis- 
diazomethane, dissolved  in  alcohol,  is  accompanied  by  development  of 
beat.  The  yellow  solution  does  not  deposit  a  solid  until  water  is 
added,  when  the  whole  sets  to  a  semi-solid  mass  of  crystals.     These 
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aie  fairly  soluble  in  ether,  readily  so  in  alcohol,  but  insoluble  in  light 
petroleum  or  carbon  disulphide  ;  they  soften  at  175°  and  melt  at  182^ 

0-2016  gave  0-4205  COg  and  0-0770  H^O.     C  -  56-88  ;  H  -  4-24. 
0-2014     „     0-4210  CO2    „    0-0782  hJo.     C  =  57-01  ;  H  =  4-31. 
0-1780     „     46-2  CO.  inoist  nitrogen  at  20°  and  764  mm.    N  =  29-84. 
CgHsON^  requires  C  =  57-44;  H  =  4-25;  N  =  29-79  per  cent. 

m.-Nitrobenzylidenehisdiazomet]mne,  {mySO^'Q^^'QW.GK^-^'.^^G^^. 

This  substance  separates  as  a  white  solid  from  the  alcoholic  solution 
of  the  mixture  of  m-nitrobenzaldehyde,  bisdiazomethane,  and  a  few 
di-ops  of  piperidine.  The  compound  is  insoluble  in  cold  water  or  boil- 
ing absolute  alcohol ;  it  softens  at  203°  and  melts  at  211°  to  a  brown 
liquid.  For  analysis,  it  was  washed  with  alcohol  and  dried  in  a  vacuum 
desiccator. 

0-1840  gave  50-2  c.c.  moist  nitrogen  at  15°  and  763  mm.    N  =  32-08. 
CgH^OgNg  requires  N  =  32-25  per  cent. 

I  am  indebted  to  the  Research  Fund  Committee  of  the  Society  for 
a  grant  which  has  defrayed  most  of  the  expense  connected  with  this 
work. 

GONVILLE  AND   CaIUS   COLLEGE, 

Cambridge. 


CXXX. — The  Hydrolysis  of  Ammonium  Salts  by  Water. 

By  Ernest  George  Hill. 

Veley  has  recently  described  (Trans.,  1905,  87,  26)  a  method  by 
which  he  attempted  to  measure  the  amount  of  hydrolytic  dissociation 
of  aqueous  solutions  of  ammonium  salts.  The  method  consisted  in 
boiling  the  solutions  in  Jena  ilasks  under  an  inverted  condenser  and 
estimating  the  loss  of  ammonia  at  the  end  of  a  given  time.  The 
results  were  not  very  satisfactory,  but  the  conclusion  was  drawn  that 
three  cases  are  presented :  (1)  that  hydrolysis  may  be  inappreciable, 
(2)  that  it  may  be  dependent  on  dilution,  (3)  that  it  may  be  independent 
of  the  dilution  beyond  a  limiting  value.  Veley  also  showed  that  the 
extent  to  which  various  acids  retain  ammonia  is  more  or  less  analogous 
to  their  avidity,  but  that  the  absolute  order  of  magnitude  is  not  the 
same  in  the  two  cases. 

Veley's  most  striking  results  were  those  obtained  from  the  nitrate 


1274  HILL:   THE   HYDROLYSIS  OF 

and  chlorate,  which  allowed  the  escape  of  comparatively  large  quantities 
of  ammonia,  whereas  both  nitric  and  chloric  acid,  being  of  the  same 
order  as  hydrochloric,  should  hydrolyse  to  a  very  slight  extent.  Thus, 
taking  hydrochloric  acid  as  100,  Veley  found  the  avidity  of  chloric 
acid  to  be  6*9,  and  he  omitted  nitric  acid  from  the  discussion  on  the 
assumption  that  at  the  temperature  of  the  experiment  the  nitric  acid 
decomposed  and  caused  secondary  reactions.  Formic  acid  also  gave 
anomalous  results. 

It  was  suggested  by  Dr.  Veley  that  measurements  of  the  electric 
conductivity  of  the  solutions  of  ammonium  salts  before  and  after 
treatment  as  in  his  experiments  would  give  a  more  accurate  means  of 
determining  the  amount  of  hydrolysis.  A  few  preliminary  experi- 
ments showed  that  this  was  not  so,  and  that  in  the  case,  for  example, 
of  ammonium  sulphate  there  was  very  little  change,  before  or  after 
boiling. 

The  amount  of  ammonia  escaping  is  so  small,  and  the  ionisation  in 
the  solution  is  so  great,  that  the  variation  in  the  conductivity  of 
a  normal  or  fifth-normal  solution  was  almost  inappreciable,  and  the 
method  was  abandoned.  It  seemed,  however,  possible  that  if  the 
escaping  ammonia  could  be  led  into  pure  water,  the  conductivity  of  the 
water  might  be  used  to  measure  the  amount  of  ammonia  evolved.  This 
method  proved  much  more  satisfactory. 

Estimation   of  Very    Dilute    Ammonia    hy    the   Conductivity   of  its 

Solution. 

From  the  conductivity  or  resistance  curve,  it  is  possible  to  estimate 
the  amount  of  ammonia  which  corresponds  to  any  particular  con- 
ductivity. Accordingly,  if  precautions  are  taken  to  avoid  contamina- 
tion of  the  water,  it  should  be  possible,  by  aspirating  a  current  of 
purified  air  through  a  solution  containing  free  ammonia,  and  passing 
the  ammoniacal  air  into  conductivity  water,  to  obtain  a  solution  of 
ammonia  in  water,  the  conductivity  of  which  is  a  measure  of  the 
ammonia  dissolved.  The  method  would  be  specially  applicable  when 
the  ammonia  to  be  measured  is  very  small.  After  a  number  of  experi- 
ments with  various  forms  of  aspirators,  flasks,  and  absorption  vessels, 
it  was  found  necessary  to  purify  the  aspirated  air  from  all  carbon 
dioxide,  to  secure  a  uniform  rate  of  flow,  to  avoid  transfer  of  the 
ammonia  solution  from  one  vessel  to  another,  to  avoid  condensation  of 
water  vapour  on  the  limb  of  the  flask  containing  the  ammonium  salt 
solution,  and  to  measure  accurately  the  ammonia  solution  before  taking 
its  conductivity,  also  the  air  passing  through  the  whole  apparatus. 

These  conditions  were  obtained  as  follows  : 

The  air  was  supplied  from  an  ordinary  gas  holder  and  was  purified 
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by  passing  it  through  a  series  of  wash  bottles  containing  potassium 
hydroxide  solution,  and  then  through  a  tube  containing  glass  wool 
moistened  with  water.  The  rate  of  flow  was  regulated  once  for  all  by 
placing  a  constricted  capillary  tube  between  the  purifiers  and  the 
laboratory  vessel  to  be  described. 

The  volume  of  air  passed  was  measured  by  collecting  it,  after  it  had 
passed  through  the  absorption  vessel  over  water  at  15°,  in  a  graduated 
800  c.c.  flask  with  a  narrow  neck.  To  avoid  condensation  of  water 
vapour  on  any  part  of  the  apparatus  before  the  absorption  vessel, 
a  special  form  of  vessel  was  designed  for  containing  the  salt  solutions, 
every  part  of  which  was  kept  at  the  temperature  of  steam,  so  that  no 
condensation  could  take  place  vintil  the  air  passing  through  the 
apparatus  had  reached  the  absorption  vessel.  And  lastly,  to  avoid 
transfer  of  solutions  and  to  obviate  the  difiiculty  of  measuring  the 
volume  of  the  solution  before  taking  its  conductivity,  the  cell  itself 
was  graduated  and  was  designed  of  such  a  pattern  that  it  served  as  the 
absorption  vessel. 


The  Conductivity  Cell  and  Absorption  Vessel. 

A  tube  of  about  4  mm.  cross  section,  bent  twice  at  right  angles,  was 
constricted  at  the  end  D  and  sealed  into  the  cell  E.  The  constriction 
was  less  than  1  mm.,  the  diameter  of  the  cell  being  about  10  mm.  The 
cell  was  about  6  cm.  long,  and  at  its  upper  end  a  tube  of  6  mm.  diameter 
was  sealed  with  a  slight  constriction  at  the  joint.  At  a  distance  of 
16  cm.  from  the  cell,  a  small  pipette-like  bulb  was  blown  as  a  safety 
trap  for  any  water  forced  up  the  tube,  but  this  was  never  needed 
during  the  experiments.  The  electrodes  were  as  large  as  possible  and 
about  5  mm.  apart.  They  were  drawn  up  against  the  sides  of  the  cell, 
so  as  to  be  quite  rigid,  and  the  connecting  wire  passed  into  mercury 
cups  bfent  upwards  and  extending  well  above  the  cell. 

The  cell  was  graduated  on  the  two  limbs  to  hold  exactly  20  c.c.  (see 
diagram,  p.  1277). 

The  Laboratory  Vessel. 

This  vessel,  used  for  containing  the  solution  of  a  salt  of  ammonium 
during  the  passage  of  800  c.c.  of  air,  was  made  as  follows  : 

One  of  the  tubes  of  a  50  c.c.  pipette  was  lengthened  considerably 
and  the  other  was  replaced  by  a  narrow  tube  with  a  constriction  at  the 
entrance  to  the  bulb.  This  tube  was  bent  twice  at  right  angles,  and 
the  end  of  it  (G)  shaped  conveniently  as  in  the  figure.  The  wider  tube 
was  bent  so  as  to  incline  at  about  115°  to  the  bulb,  and  on  this  was 
placed  a  small  condenser,  the  end  subsequently  being  bent  downwards 
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parallel  to  the  bulb.  The  construction  is  best  shown  by  the  figure. 
The  end  A  was  drawn  out  into  a  strong,  narrow  point,  which  could 
enter  the  narrow  limb  of  the  conductivity  cell.  The  condenser  was 
kept  hot  by  a  supply  of  steam  from  a  boiler,  and  the  bend  of  the 
tube  was  covered  by  lengthening  the  condenser  with  wide  bore  rubber 
tubing  cut  to  shape. 

Round  the  nari"ow  limb  of  the  cell  a  second  steam  jacket  was  placed, 
so  that  the  latter  met  the  rubber  prolongation  of  the  condenser 
described  above.  Thus  the  whole  of  the  limb  B  B  B  was  kept  at  the 
temperature  of  steam.  It  was  therefore  no  longer  possible  for  any 
condensation  to  take  place  in  this  limb  (see  diagram). 

The  bulb  of  the  pipette  was  immersed  in  a  very  deep  water-bath, 
and  the  latter  was  covered  with  the  usual  rings  and  a  small  cap,  which 
fitted  over  the  ends  of  the  condenser  and  the  side  tube  G.  In  this 
way  the  whole  of  the  laboratory  vessel  was  kept  at  a  high  and  con- 
stant temperature.  Owing  to  the  shape  of  the  limb  B  B  there  could 
be  no  spurting  of  the  solution  into  the  cell. 

The  end  of  the  tube  B  B  was  connected  with  the  cell  by  a  small 
piece  of  rubber  tube,  which  was  wired  on  to  the  outside  of  the  narrow 
limb  of  the  cell,  the  latter  being  widened  for  10  mm.  at  its  end  to 
allow  the  tube  B  B  to  enter.  This  joint  was  so  made  that  the  glass 
of  the  two  tubes  just  touched  and  the  rubber  came  into  contact  with 
only  the  outside  of  the  tubes.  The  point  A  entered  into  the  limb  of 
the  cell  for  about  8  mm.  The  cell  was  immersed  in  cold  water  during 
the  experiment. 

Method  of  Experiment. 

At  the  beginning  of  an  experiment,  conductivity  water,  prepared  as 
subsequently  described,  was  placed  in  the  cell  and  its  conductivity 
measured.  This  was  found  to  be  slightly  diminished  by  passing  the 
air,  pui"ified  as  above,  through  the  cell  for  fifteen  minutes.  No  water 
was  considered  suitable  which  had  a  greater  conductivity  than  1*5  x 
10-*5  units. 

A  solution  of  the  salt  was  made  in  conductivity  water  in  a  200  c.c. 
flask  kept  for  the  purpose.  Of  this  solution,  50  c.c.  were  withdrawn 
by  a  pipette,  also  kept  for  this  purpose  but  not  specially  standardised, 
placed  in  a  small  beaker,  and  immediately  drawn  into  the  laboratory 
vessel  by  connecting  a  rubber  tube  to  ^  ^  and  aspirating  the  solution 
through  C.  The  rubber  tube  was  then  removed  and  the  end  of  the 
glass  tube  A  rinsed  with  conductivity  water.  The  laboratory  vessel 
was  then  placed  in  the  water-bath  and  joined  up  with  the  cell,  which 
contained  about  16  c.c.  of  water  at  the  beginning  of  an  experiment. 
A  bent  hood  fitted  over  the  top  of  the  cell  by  means  of  a  rubber  collar 
led  by  a  long  delivery  tube  to  the  800  c.c.  flask  inverted  over  water, 
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in  which  the  air  passing  through  the  apparatus  was  collected  and 
measured.  The  water  was  always  kept  at  15°,  and  towards  the  end  of 
the  experiment  the  flask  was  sponged  with  water  at  that  temperature. 
When  the  connections  were  made,  the  boilers  and  water-bath  were 
heated,  and  after  a  few  minutes  air  regulated  as  previously  described 
was  passed  until  exactly  800  c.c.  had  been  collected  in  the  measuring 
flask.  This  took  a  little  less  than  an  hour.  The  air  was  then  stopped 
and  the  cell  disconnected.  The  cell  was  filled  up  to  the  graduation 
mark  with  water  directly  from  the  conductivity  still  and  placed  in  the 
thermostat,  which    held    sevei-al  gallons    of   distilled   water.     It  was 


water-bath  ;  A'A',  graduation  mark  on  the  cell ;  V,  copper  cap  fitting  over 
the  water-bath  rings,  with  openings  for  the  limbs  of  the  vessel  ;  ZZ,  mercury 
cups. 


heated  to  a  little  above  1 8°  by  a  current  of  steam  and  allowed  to  cool 
slowly.  When  the  temperature  reached  exactly  18°,  the  conductivity 
was  measured. 

With  the  apparatus  above  described,  sixteen  experiments  were  made 
with  five  different  concentrations  of  ammonium  sulphate  solution. 
The  results  were  quite  satisfactory,  the  resistances  measured  differing 
by  less  than  three  per  cent,  from  the  mean  for  a  particular  concentra- 
tion. Thus  for  normal  ammonium  sulphate  the  values  were  1019, 
1027,  1069,  1087,  1083.  These  were  the  most  discordant  results 
obtained,  and  a  resistance  of  al)out  1000  ohms  is  the  least  favourable 
resistance  for  estimating  ammonia  by  the  conductivity  method.     The 
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reason  is  that  when  the  resistance  is  less  than  1000  ohms,  the  nature 
of  the  resistance  curve  is  such  that  only  a  small  difference  in  resistance 
is  shown  by  a  comparatively  large  difference  in  the  ammonia  present. 
In  these  cases,  therefore,  the  ammonia  was  estimated  by  ti Ligation. 
For  such  determinations  the  laboratory  vessel  was  used  in  conjunction 
with  a  long  test-tube  containing  a  measured  quantity  of  standard 
acid.  The  tube  was  fitted  with  a  doubly-bored  rubber  stopper,  which 
carried  a  straight  tube  passing  to  the  bottom,  and  a  short  bent  tube, 
which  just  passed  through  the  stopper.  The  long  tube  was  connected 
with  the  end  A  of  the  laboratory  vessel,  whilst  the  short  end  was 
connected  with  the  delivery  tube  leading  to  the  collecting  flask.  The 
test-tube  was  rather  more  than  three  parts  filled  with  acid.  The  acid 
was  titrated  before  and  after  the  passage  of  800  c.c.  of  air,  with  a 
very  dilute  ammonia  solution.  The  latter  was  standardised  for  every 
experiment  with  standard  hydrochloric  acid,  which  also  was  standard- 
ised from  time  to  time  with  both  silver  nitrate  and  sodium  carbonate. 
Experiments  were  made  to  ascertain  whether  a  second  absorption  tube 
was  required,  but  it  was  found  that  one  tube  of  acid,  containing  50  c.c. 
of  acid  (1  c.c.  =  0*000475  gram  HCl),  absorbed  all  the  ammonia. 

With  ammonium  acetate,  the  following  values  were  obtained  on 
different  days  with  different  solutions. 

Grams  of  ammonia  absorbed  in  the  acid  : 


N. 

Fl'o. 

iV/25. 

A. 

0-0323 

0-00861 

0-00169 

B. 

0-0322 

0-00816 

0-00163 

To  compare  the  absorption  method  with  the  conductivity  method  in 
the  least  favourable  cases  of  the  latter,  measurements  of  iV/S  salicylate 
may  be  quoted. 

Two  experiments  gave  1042  and  1030  for  resistances,  the  mean  of 
these  corresponding  to  0-00111  gram  of  ammonia.  By  the  absorption 
and  titration  method,  the  estimated  ammonia  was  0-001145  gram. 

Reduction  of  Resistances  to  Percentage  of  Ammonia. 

In  order  to  reduce  the  numbers  obtained  for  the  resistance  of  the 
ammonia  solution  to  percentages  of  ammonia,  it  was  necessary  to  plot  a 
cm-ve  for  the  specific  resistance  of  dilute  ammonia  solution,  and  read  off 
the  values  corresponding  to  the  specific  resistance  of  the  solution. 

There  are  two  sets  of  figures  at  25°  for  the  conductivity  of  ammonia, 
and  a  third  set  at  18°.  The  first  mentioned  are  by  Ostwald  {Allg. 
Ghem.,  1893)  and  Bredig  (Kohlrausch  and  Holborn,  Leitvermoyen  der 
FAektrolyte),  and  the  latter  by  Kohlrausch  (Landolt  and  Bornstein, 
Rhys.  Chem.  Tahellen).     For  dilutions  such  as  those  dealt  with  in  this 
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paper,  these  figures  do  not  agree  among  themselves,  and  when  the 
curves  are  plotted  side  by  side  it  is  seen  that  Kohlrausch's  curve  and 
Bredig's  curve  run  parallel,  and  that  when  the  latter  is  corrected  by 
the  temperatui'e-coefficient  for  the  dilute  ammonia,  the  two  curves 
differ  by  about  10  per  cent.,  Kohlrausch's  figures  for  the  resistance 
due  to  a  given  percentage  of  ammonia  being  about  10  per  cent,  higher 
than  those  of  Bredig. 

Ostwald's  curve  almost  touches  Kohlrausch's  at  0*025  per  cent, 
ammonia,  but  then  diverges  and  cuts  Bredig's  at  the  point  corre- 
sponding to  0"0125  per  cent,  of  ammonia. 

The  diiference  between  these  curves  was  sufficient  to  make  it 
necessary  for  the  author  to  determine  a  curve  of  resistance  for  dilute 
ammonia,  and  it  was  obviously  most  satisfactory  to  do  this  part  of  the 
work  under  conditions  as  similar  as  possible  to  those  under  which  the 
resistances  to  be  converted  were  obtained, 

The  method  adopted  was  to  pass  air  through  a  solution  of  ammonia 
in  the  laboratory  vessel,  absorb  the  issuing  ammonia  in  conductivity 
water  in  the  cell,  and  determine  the  resistance.  It  was  found,  as  will 
be  shown,  that  the  ratio  of  the  escaping  ammonia  to  the  total  ammonia 
in  the  laboratory  vessel  was  constant,  and  for  the  conditions  of  the 
experiments  was  8 7  "5  per  cent. 

The  ammonia  solution  was  prepared  by  mixing  pure  ammonium 
nitrate  and  a  solution  of  freshly  prepared  potassium  hydroxide  in 
conductivity  water  in  a  Jena  distilling  flask.  The  arm  of  the  flask 
passed  into  an  ordinary  Jena  flask  fitted  with  a  doubly-bored  rubber 
stopper,  the  second  hole  of  which  carried  a  potash  tube.  A  current 
of  washed  hydrogen  was  then  passed  through  the  two  flasks  for  several 
minutes  and  the  distilling  flask  gently  warmed.  The  ammonia 
dissolved  in  the  conductivity  water,  and  the  distilling  flask  was 
removed.  The  latter  was  replaced  by  a  burette  fitted  with  a  potash 
tube,  and  the  ammonia  solution  was  drawn  up  into  the  burette.  It  was 
then  titrated  against  iV^/100  hydrochloric  acid.  To  perform  an  experi- 
ment, a  few  c.c.  of  the  titrated  ammonia  solution  were  run  into  a  small 
graduated  flask  containing  conductivity  water,  and  the  volume  was 
made  up  to  100  c.c.  Fifty  c.c.  were  then  introduced  into  the 
laboratory  vessel,  and  the  other  experimental  conditions  were  precisely 
similar  to  those  already  described.  During  these  experiments  care  was 
taken  to  keep  the  air  of  the  laboratory  as  free  as  possible  from  carbon 
dioxide. 

Two  series  of  experiments  with  different  ammonia  solutions  were 
performed.     The  agreement  was  satisfactory. 
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hill;  the  hydrolysis  of 


Series 

I. 

Ammonia  iu 

Resistance 

laboratory  vessel. 

in  cell. 

0-000391 

2056 

0-000860 

1216 

0-0001955 

2990 

0-0000977 

4200 

0-0003333 

2311 

0-000489 

6601 

0-0001075 

1077 

Series  II 

Ammonia  in 

Resistance 

laboratory  vessel. 

in  cell. 

0-000759 

1321 

0-001518 

939 

0-000455 

1880 

0-001897 

840 

One  c.c.  of  the  ammonia  solution  con- 
tained 0-0000759  gram  of  ammonia. 

One  0.0.  of  the  ammonia  solution  in  the 
burette  contained  0-0000782  gram  of 
ammonia. 

From  these  values  a  curve  of  resistances  of  the  ammonia  in  the  cell 
was  plotted  and  used  for  converting  the  other  resistances  into 
percentages  of  ammonia.  The  proportion  of  free  ammonia  passing 
from  the  laboratory  vessel  into  the  cell  -was  stated  above  to  be  87*5  per 
cent.     This  was  shown  as  follows. 

A  solution  of  ammonia  free  from  carbon  dioxide,  prepared  in  the 
manner  previously  described,  was  titrated  against  standard  acid.  Of 
this  solution,  a  measured  quantity  was  run  from  the  burette  into  a 
graduated  flask  and  the  volume  made  up  to  200  c.c.  Fifty  c.c.  were 
now  drawn  into  the  laboratory  vessel  and  800  c.c.  of  air  aspirated 
through  it  in  the  usual  manner.  The  issuing  air  passed  through 
standard  acid  which  was  titrated  before  and  after  the  experiment. 

The  following  experiments  wore  performed  : 

The  original  ammonia  solution  contained  0-001643  gram  per  c.c. 

The  standard  acid  used  for  absorption  was  titrated  against  the 
original  ammonia  solution  before  and  after  the  experiment.  Thus  the 
difference  between  tlie  two  values  gave  the  amount  of 
absorbed  by  the  acid. 


ammonia 


nonia  introduced  into 

Ammonia  passing  into 

the  vessel  in  c.c. 

the  acid  in  c.c. 

15-0 

13-25^ 

13-15  [ 

13-15J 

10-0 

8-70  \ 
8-70/ 

5-0 

4-351 
4-40 

2-50 

2-20~i 

2-15  Y 

2-20  j 

1-25 

1-10 

Mean. 
13-18 

8-70 
4-375 

2-183 
1-10 


The  ratio  of  the  ammonia  in  the  vessel  to  the  escaping  ammonia     L 
absorbed  by  the  acid  is  consequently  : 


1  -.0-879,  1  : 0-870,  1  :  0-875,  1  : 0-873,  1  : 0-880. 
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The  ratio  may  thus  be  considered  constant,  and  it  may  be  assumed 
that  87 '5  per  cent,  of  the  ammonia  passes  from  the  laboratory  vessel 
into  the  cell  under  the  conditions  of  the  experiments. 


Effect  of  Dissolved  Salts  on  the  Escape  oj  Ammonict. 

In  the  hydrolysis  of  ammonium  salts  with  water,  the  amount  of  free 
ammonia  in  the  salt  solution  is  small  compared  with  that  of  the  total 
salt  dissolved.  It  was  necessary  to  ascertain  what  influence  the 
dissolved  salt  had  on  the  rate  of  escape  of  ammonia  under  the  conditions 
of  these  experiments.  Eaoult  (Ami.  Chim.  Phys.,  1874,  [v],  1,  262), 
who  used  strong  solutions,  states  that  ammonium  chloride  decreases  the 
solubility  proportionally  to  the  amount  present,  but  that  ammonium 
nitrate  has  no  effect.  The  latter  statement  was  confirmed  by  Gaus 
{Zeit.  anorg.  Chem.,  1900,  25,  230). 

Perman  (Trans.,  1902,  81,  482)  gives  details  of  two  sei'ies  of 
experiments,  from  which  he  concludes  that  ammonium  chloride  may 
form  a  complex  molecule  with  ammonia  and  that  the  effect  of  this  is 
to  decrease  the  vapour  pressure  of  the  ammonia.  He,  however,  was 
working  with  very  strong  solutions  of  ammonia  (12 — 15  per  cent. 
NHg),  and  his  conclusions  were  derived  from  a  comparison  with  an 
ammonia  solution  containing  the  same  pei'centage  of  ammonia  and 
water.  If  the  comparison  is  made  with  a  solution  containing  the 
same  mass  of  ammonia  in  unit  volume,  it  is  seen  that  the  effect  of  the 
ammonium  chloride  is  to  increase  the  vapour  pressure,  or  to  decrease 
the  solubility  to  the  ammonia.  Perman's  figures  also  seem  to  show 
that  the  alteration  in  vapour  pressure  increases  with  the  amount  of 
salt  in  solution. 

It  was  necessary,  therefore,  to  determine  Avhat  happened  with  such 
concentration  of  salt  as  the  author  was  using. 

To  ascertain  the  effect  of  ammonium  salts  on  the  rate  of  escape  of 
ammonia  from  its  solutions  under  the  conditions  of  the  author's  work, 
the  following  experiments  were  made. 

A  dilute  solution  of  pure  ammonia  was  prepared,  50  c.c.  of  this 
introduced  into  the  laboratory  vessel,  which,  as  in  all  cases,  was 
heated  in  the  water-bath  and  800  c.c.  of  air  passed  through  it,  the 
issuing  air  and  ammonia  passing  through  a  tube  of  standardised  acid. 
The  conditions  of  this  experiment  were  in  all  respects  similar  to  those 
previously  described.  The  acid  was  subsequently  titrated  with  dilute 
ammonia.  In  another  experiment,  a  gram-molecular  solution  of 
ammonium  nitrate  was  made  up  in  some  of  the  ammonia  solution  and 
CO  c.c.  of  thi.s  used  in  the  laboratory  vessel,  and  in  a  third  case 
ammonium  chloride  was  used. 

4  i»  2 
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Two  series  of  experiments  with  different  ammonia  solutions,  which, 
accidentally,  were  of  the  same  strength,  gave : 


Series  A. 

Standard    ammonia 
required  for  neutral- 
ising tlie  acid  after 
Fifty  c.c.  of  each  sohition  used.  passing  the  air. 

Ammonium  chloride  (10"7  grams  in  200  c.c. 

of  ammonia  solution) 44'75  c.c. 

Ammonium  nitrate  (18'0  grams)      44'70   „ 

Ammonia  solution  alone    4470  ,, 

The  amount  of  ammonia  required  before 

passing  air  was  52'70  ,, 


Series  B. 

Ammonium  chloride  as  above   44*70  c.c. 

Ammonium  nitrate     ,,       ,,        44'75  „ 

Ammonia  solution  alone 44'70  „ 

It  may  thus  be  concluded  that  the  dissolved  salts  do  not  exert  any 
influence  on  the  escape  of  ammonia  when  the  amount  of  the  latter  is 
small  compared  with  that  of  the  dissolved  salt. 

There  seems  no  doubt,  therefore,  that  the  ammonia  evolved  under  the 
conditions  of  the  author's  experiments  is  a  measure  of  the  relative 
hydrolysis  of  the  salts  used. 

The  Conductivity  Water. 

The  water  used  in  these  experiments,  both  for  preparing  the  solu- 
tions of  the  salts  and  for  the  absorption  of  the  ammonia,  was  madfe  by 
distilling  tap-water  (which  had  been  well  boiled  for  ten  minutes) 
through  a  dilute  solution  of  permanganate  acidified  with  dilute 
sulphuric  acid  and  then  through  a  solution  of  permanganate  made 
alkaline  with  potassium  hydroxide.  The  two  permanganate  solutions 
were  contained  in  Jena  flasks  of  1000  c.c.  capacity  and  were  kept 
about  one-third  full. 

The  issuing  steam  passed  through  a  trap  and  was  finally  condensed  in 
a  specially  kept  Jena  flask.  With  this  apparatus  it  was  easy  to  get  a 
suflicient  supply  of  water  with  a  conductivity  not  greater  than 
l-5xl0-<'at  18°. 

The  cells  were  standardised  by  comparison  with  solutions  of  potass- 
ium and  sodium  chloride  at  18*0°,  and  the  following  values  were 
obtained. 


Celll. 

Cell  2. 

0-09041 

0-06609 

— 

0-06609 

0-09025 

0-06549 

0-09029 

— 

0-09020 

— 

0-09031 

0-06597 
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Solution. 

(1 )  NjbO  Sodium  chloriae    

(2)  A^/50  Sodium  chloi'ide    

(3)  A7500  Sodium  chloride 

(4)  iV/500  Sodium  chloride  

(5)  A75OO  Sodium  chloride  

(6)  iV/lOO  Potassium  chloride 

Mean    0-09024  0-06591 

Hence  the  ratio  of  the  cells  to  one  another  was  0-09024  to  0*06591, 
or  1-369  to  1-000.  The  first  three  values  were  determined  before  the 
commencement  of  the  work,  but  the  values  in  experiments  {\),  (5), 
and  (6)  were  obtained  during  the  research,  (6)  being  taken  on  the 
completion  of  the  experimental  portion.  The  value  of  the  cells  had, 
consequently,  not  changed  during  the  work. 


TJie  Salts. 

The  salts  used  were  the  chloride,  chlorate,  nitrate,  sulphate, 
oxalate,  salicylate,  succinate,  citrate,  benzoate,  acetate,  and 
formate.  Of  these  the  organic  salts  were  kindly  supplied  by 
Dr.  Veley,  whilst  the  others  were  recrystallised  from  good  specimens 
in  the  laboratory.  An  exception  must  be  made  in  the  case  of  the 
chlorate,  which  was  prepared  from  barium  chlorate  in  the  usual 
manner.  It  gave  no  trace  of  chloride  after  two  crystallisations.  The 
organic  salts  were  all  reci-ystallised  with  the  exception  of  the  citrate, 
and  had  all  been  supplied  originally  by  Kalilbaum. 

The  ammonium  acetate  was  dried  over  solid  potassium  hydroxide  in 
an  atmosphere  containing  ammonia  gas,  after  the  crystals  had  been 
dried  as  far  as  possible  on  blotting-paper. 

In  addition  to  the  above,  fine  crystalline  specimens  of  the  ammonium 
salts  of  monochloroacetic  and  trichloroaeetic  acids  were  prepared. 
Unfortunately  both  decomposed  under  the  conditions  of  the  experi- 
ment, the  former  yielding  a  considerable  amount  of  hydrochloric  acid 
and  the  latter  chloroform. 

The  Solutions. 

The  solutions  were  made  by  weighing  out  exact  quantities  of  the 
salts  ia  a  weighed  beaker  and  making  up  to  200  c.c.  with  conductivity 
water.  The  strengths  used  were  normal,  fifth-normal,  and  twenty-fifth 
normal.  The  solutions  were  always  used  immediately  after  being 
prepared,  and  the  following  table  gives  the  measurements  obtained. 
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Normal.  0*2  normal.  0'4  normal. 

Salt.  Cell  1.       Cell  2.  Cell  1.     Cell  2.  Cell  1.       Cell  2.^ 

Chloride     3550         (2595)  —  3470  —  5549 

—  2420  —  3577  7314         (5345) 

Nitrate  3423         (2495)  5198        (379f))  7611         (5559) 

—  2638  —  3602  —  6443 

Chlorate —  2495  —  3569  7156         (5227) 

Salicylate  _  _.  _  1030  3172        (2317) 

—  —  1427       (1042)  —  2223 

Bucoinato   —  -^  —  830  2399        (1752) 

—  —  _  _  _  1639 

Formate ~      —       —     —       —     1345 

Sulphate  —     1048      2298   (1678)     —     2681 

—  —       -^1662      —     2780 

The  numbers  in  brackets  are  the  values  for  cell  1  divided  by  1"369, 
and  hence  would  be  the  resistances  of  the  solution  in  cell  2. 

As  previously  stated,  the  conductivity  method  was  not  accurate 
when  the  resistance  in  the  cell  was  less  than  1000  ohms,  but  in  such 
cases  the  titration  method  already  described  could  easily  be  applied. 
As  an  example  of  two  experiments,  we  have  : 

Ammonium  acetate,  iV/1  solution,  50  c.c.  acid  used  for  absorption. 

Ammonia  solution  used  for  titration,  1  c.c.  =0"00087  gram 
ammonium  hydroxide. 

Before  absorption,  50  c.c.  acid  =11400  c.c.  ammonia,  after  absorp- 
tion =  (a)  77'30,  {b)  76-50,  mean  =76'90;  hence  ammonia  absorbed 
=  37-1  X  0-00087  =  0-0323  grams. 

By  using  the  above  method  as  a  supplement  to  the  conductivity 
method,  the  following  table  was  obtained.  In  it  the  resistances  are 
converted  into  ammonia,  which  is  given  as  the  actual  amount  passing 
over  from  the  laboratory  vessel. 

In  all  cases  except  that  of  the  chlorate,  the  values  are  the  mean  of 
at  least  two  concordant  results.  In  the  case  of  the  chlorate,  the 
values  are  for  single  experiments. 

Salt.  N/l.  N/5.  iV/25. 

Chloride 0-000255  0-000118  0-0000523 

Nitrate    0-000243  0-000111  0-0000520 

Chlorate 0-000256  0-000119  0  0000559 

Sulphate 0-001015  0-000443  0-000213 

Salicylate    0-00552  0  00113  0-000301  * 

J3euzoate 0-01998  0-00378  0-000798 

Acetate    0-03230  0-00838  0  ■00166 

Formate  0-01121  0-00225  0-000640  * 

Succinate     0-00990  0-00200  0-000420 

Oxalate    0-0088  0-00185  — 

Citrate 0-01217  0-00574  0-00*272 

Monochloroacetate...  0-0024  —  — 

*  Values  high  ;  ohtained  by  conductivity  method  ;  probably  slight  decomposition 
and  evolution  of  carbon  dioxide,  hence  lo-vvering  the  resistance  in  the  cell. 
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In  the  case  of  dibasic  acids,  half  molecular  weights  were  dissolved  in 
a  litre  of  normal  solution. 

In  the  preceding  table  Ave  have  several  sets  of  cases.  There  are 
monobasic,  dibasic,  and  tribasic  acids,  and  the  two  former  contain 
both  weak  and  strong  acids. 

Monobasic  Acids. 

These  form  only  one  simple  salt,  and  consequently  only  one  type  of 
hydrolysis  is  possible.  According  as  the  acid  is  strong  or  weak,  the 
equation  for  the  hydrolysis  constant  will  be 

^'aH  *  C'bOH        rr  C  AH  X  C'bOH        tt 

P =  K,  or  — —, =  K. 

t^salt  ^   salt 

Dibasic  Acids. 

In  the  case  of  the  salts  of  dibasic  acids,  hydrolysis  may  take  place  in 
two  ways  : 

(1 )  A"B',  +  H2O  =  A"BH  +  BOH. 

(2)  A"B'2  +  2HoO  =  A"H2  +  2BOH. 

Where  the  amount  of  hydrolysis  is  small,  as  in  the  above  experi- 
ments, it  may  be  assumed  that  the  first  of  these  equations  holds,  and 

the  equation  for  the   hydrolysis  constant  becomes  K=    -^^ — ^^boh 
or  /t  =    ^™ 522,  according  as  the  acid  is  strong  or  weak, 

C^salt 

These  equations    may  be   written  K=  — 522   or  K=  —^^  respect- 

Csalt  C"  salt 

ively. 

If  in  the  above  equations  we  take  the  ammonia  liberated  under  the 
conditions  of  the  experiment  as  Cboh>  we  have  a  means  for  calculating 
the  hydrolysis  constant  of  the  solutions  used. 

pi 

In  the  following  table,  the  equation  K=— has  been  used  for  the 

t/salt 

first  four  acids,  whilst  for  the  rest,  K=  — 22? . 


Salt.  N.  NI5.         i\/25.       N.         Njb.       N/25. 


Chlorido    0-00650  0 

Nitrate 0-00591  0 

Clilorate    O-00G55  0 

Sulphate   0-103  0 

Oxalate 7-74  8 

SiKtcinatc  9-80  10 

Formate    12-4  12 

llenzoate  39-9  34 


00090     0-00tj84     2-55  2-G2  201 

00605     0-00657     2-43  2-46  2-57 

00708     0-00731     2-56  2-66  2-70 

100         0114       10-15  10-00  10-69 

51              —         88-0  92-5  — 

0  11-0           99-0  100-0  105-0 

6                —       112-1  112-5  — 

9  39-8         199-8  189-0  199-5 


Acetate 104-0         175-0         172-0         3230        IP.IO       415-0 

Monochloioacetatc  0  576  —  —         24-0  —  — 

Salicylate 3-03  3-19  —         55-2         565  — 
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In  the  foregoing  table,  the  values  for  K  are  as  constant  as  can  be 
expected  from  the  experimental  method.  It  may  be  noted  that  the 
nitrate  and  chlorate  behave  quite  normally,  and  that  the  formate 
gives  also  a  satisfactory  result. 

The  value  for  the  normal  solution  of  the  acetate  is  abnormal.  This 
does  not  seem  to  be  due  to  experimental  error,  since  two  sets  of  ex- 
periments with  different  solutions  gave  concordant  results.  In  this 
respect,  attention  may  be  directed  to  Veley's  figures  for  the  acetate. 
He  found  that  the  normal  solution  gave  a  little  more  than  half  the 
percentage  of  ammonia  which  was  given  by  0"2  normal  and  more 
dilute  solutions,  and  since  the  acetate  is  the  salt  of  the  weakest  acid 
used,  the  figures  for  this  salt  should  be  the  most  accurate.  It  therefore 
appears  that  in  concentrated  solution  the  acetate  is  proportionately 
less  dissociated. 

If  we  take  the  inverse  of  the  above  figures,  we  ought  to  find  XjK 
proportional  to  the  dissociation  constants  of  the  acids  the  salts  of 
which  are  used,  and  ^1/ A'"  proportional  to  the  avidities  of  the  acids 
obtained  by  dynamical  methods.  Since,  however,  the  dissociation 
constants  of  the  strong  acids  cannot  be  used  for  comparison,  we  must 
use  the  molecular  conductivities  of  their  solutions  and  compare  these 
with  JljK.  In  the  following  table  are  given  the  values  for  Ji/-K 
(hydrochloric  acid=l),  also  the  ratios  of  the  molecular  conductivities, 
and  the  values  for  the  avidities  of  the  acids  obtained  from  the 
velocity  of  decomposition  of  methyl  acetate  and  the  invemon  of  cane 
sugar. 


Inveision 

Decomposition 

Molecular 

of 

of 

Salt. 

Jl/K. 

conductivity. 

cane  sugar. 

methyl  acetate. 

Chloride 

1-000 

1-000 

1-000 

1-000 

Nitrate  

rOG5 

0-991 

1-000 

0-915 

Chlorate 

0-985 

1-000 

1-035 

0-944 

Salicylate  

0-046 

0-032 

— 

— 

Formate 

0-023 

0-017 

0-015 

0-013 

Benzoate    

0-013 

0-008 

— 

— 

Acetate  

0-006 

0004 

0-004 

0-0034 

Monochloroacetate    . . . 

0-106 

0-049 

0-048 

0-043 

Sulphate    

0-262 

0-625 

0-536 

0-541 

Oxalate  

0-029 

0-197 

0-185 

0174 

Succinate   

0-026 

0-006 

0-005 

0-005 

Note. — In  the  above  table,  the  conductivities  for  salicylic  and  benzoic  acids 
Avhich  will  not  form  normal  solutions  have  been  calculated  from  their  ratios  to  acetic 
acid  at  lower  dilutions. 

In  discussing  the  above  results,  we  may  first  take  the  monobasic 
acids.  Here  we  find  a  very  good  agreement  both  in  order  and  magni- 
tude with  the  figures  obtained  by  any  of  the  other  methods.  The 
strong  acids  are  almost  equal  and  the  ratio  of  the  four  weak  acids  is 
the  same  as  that  of  the  conductivities.  The  agreement  here  is 
particularly  striking,  theVatios  being  : 
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sl\IK  oc  ....... 

Conductivities 


Salicylic. 

Formic. 

Benzoic. 

Acetic. 

0-032 

0-016 

0-0087 

0-004 

0  032 

0-017 

0-008 

0-004 

Or  we  may  compare  l/A'  with  the  dissociation  constants  of  these  acids, 
in  which  case,  again  making  the  values  for  salicylic  acid  the  same,  we 

obtain  : 

Salicylic.  Formic.  Benzoic.  Acetic. 

l/AT  oc    102  26-0                   8-2  1-8 

Diss,  const,    x  10^  102  21-4                   6-0  1-8 

Here  again  the  numbers  are  distinctly  of  the  same  order  of  magni- 
tude. It  will  be  noted  in  the  table,  that  when  hydrochloric  acid  is 
taken  as  the  standard  for  comparison,  the  weak  monobasic  acids  give 
slightly  higher  figures  than  are  given  by  the  conductivities,  Ac.  In 
this  connection  it  may  be  suggested  that  the  discrepancy  is  due  to  the 
different  temperature-coefficients  of  strong  and  weak  acids,  the  con- 
ductivities being  at  25°  and  the  author's  experiments  at  nearly  100°. 
It  would  not  appear  likely  that  it  is  due  to  experimental  error,  either 
in  the  curve  for  the  resistance  of  ammonia  solutions  or  in  the  other 
observations,  since  the  values  obtained  for  7t  in  the  different  dilutions 
are  so  closely  constant. 

Dealing  next  with  dibasic  acids,  we  have  to  remember  that,  in  the 
hydrolysis  of  a  salt  of  a  dibasic  acid,  the  ammonia  neutralising  the 
weaker  acid  hydrogen  is  removed  first.  Thus  the  method  described 
could  not  be  used  to  measure  the  strength  of  the  first  hydrogen  (or 
ionisation).  That  it  depends  on  both  the  ionisation  constants  is  shown 
below.     With  dibasic  acids  we  have  : 

^jCaho  =  Caw  x  Cw  and  K^Cah'  =  C'a"  x  Cu', 
where  /t'j  and  ^g  ^^'®  ^^®  fi^^t  ^^^  second,  ionisation  constants. 
Now 

Cnh  4*  +  C'nh40h  =  Ca"  +  Car'  +  ^'^112     •     •     •     •     (1  )• 
and  (positive  =  negative  charges) 

Cnhi*  +  Cb.'  =  2(7  A"  +  Caw  +  Cow, 
where  C'h'  and  C'oh'  are  very  small  and  may  be  neglected,  so  that 

Cnhi*  =  20  A"  +  Caw (2). 

From  (1)  and  (2)  we  get 

C'NHiOH  +  Ca"  =  Caii2 (3)' 

But 

Ca"  X  Cw 


Cnh4*  =  2Ca"  +  Caw  =  26' a"  + 


J^o 


=..(..'^) 


(<)• 
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Similarly  from  (1), 

Ca\['    X    C'n' 

CnH^"     +     Cs;ii^oii        =        6  A"     +     CaII'     +  j^  ' 


-  ^'" ""  — x —  I'  +  i^i- 


V  A„  KJCJ 


ivonx  (4)  and  (5), 


CNH4OH     =     Ca"  -\  ~    ^    {' 


'-  {y^  -  '} 


and  hence 

C'nII40H 

CnHi'    +    6'nH40H  G  "  il    +    ^^    +     ^^^'\ 

(72h-  -  K,K^ 

That  is,  the  relative  amount  of  hydrolysis  is  proportional  to  a  term 
involving  both  the  first  and  second  ionisation  constants. 

The  Percentage  Hydrolysis  in  Solutions  of  Ammonium  Salts  at  100°. 

This  may  be  to  some  degree  determined  from  the  aboye  data  ;  thus, 
in  normal  ammonium  chloride  we  have  17  grams  of  ammonia  (com- 
bined) per  litre,  and  in  the  laboratory  vessel  (50  c.c.)  we  have  085 
gram.  But  the  free  ammonia  is  0000255  x  1'143  (the  inverse  of  the 
partition  coefiicient  for  ammonia,  0875), 

„,       ,,                 ,         I    A     ^     •    •    100x0-000291      nno^i  4- 

Thus  the  percentage  hydrolysis  is =00341  per  cent. 


Similarly,  for  iV/5  acetic  acid  we  get 

00323  X  1-141x100 
(>85  ' 


434  per  cent. 


These  values  are  doubtless  too  high,  since,  as  ammonia  is  evolved  from 
the  solution,  hydrolytic  action,  to  a  less  degree,  continues. 

They  cannot  be  compared  with  values  obtained  by  other  methods,  as 
the  author  is  not  aware  of  any  determined  at  so  high  a  temperature, 
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Conclusions. 

1.  The  hydrolysis  of  ammonia  salts  with  water  is  in  accordance  with 
the  laws  of  mass  action  for  salts  of  strong  and  weak  acids. 

2.  This  hydrolytic  dissociation  is  inversely  proportional  to  the 
"strength"  of  the  acid,  that  is,  to  the  square  of  the  conductivities  of 
solutions  of  the  acid,  or  their  ionisation  constants,  in  the  case  of 
univalent  acids  only. 

3.  In  the  case  of  bivalent  acids,  the  relation  between  hydrolytic 
dissociation  of  salts  and  the  two  ionisation  constants  of  the  acids  is 
complicated,  and  the  hydrolysis  cannot  be  used  as  a  direct  measure  of 
either  of  the  ionisation  constants  or  the  "strength"  of  either  of  the 
acid  hydrogen  atoms  in  the  acid. 

4.  Certain  maximum  values  are  determined  for  the  degree  of  hydro- 
lysis at  100°. 

The  author's  thanks  are  due  to  the  authorities  of  Magdalen  College, 
Oxford,  for  a  grant  which  covered  laboratory  expenses,  and  to 
Mr.  J.  J.  Manley,  the  Danbury  Curator,  for  kind  assistance  in 
making  the  apparatus  used. 

Magdalen  College, 

Oxford.  ' 


CXXXI. — The   Action   of  Nitrous   Add   on   the   Aryl- 
sulphonylmetadiamines. 

By  Gilbert  Thomas  Morgan  and  Frances  Mary  Gore 

MiCKLETHWAIT. 

It  has  been  shown  previously  that  the  arylsulphonyl  derivatives  of  the 

aromatic  para-diamines,  having  the  general  formula,  NHg'X-NH-SOg-R, 

give  rise  to  s-table  diazonium  salts,  such  as  R-SOa-NH-X-NgCl,  whicli 

undergo   condensation  on  treatment   with   aqueous    sodium   acetate, 

N 
yielding   a   diazoimide,   X<i  ^  where   X  is  the  »-phenylene 

JN 'SOg'Il  ^       '' 

group  or  any  of  its  homologues,  and  R  is  an  aryl  group  or  a  camphor 

residue.     The  diazoimides  of  this  series  are  invariably  yellow,  and  arc 

reconverted  into  the  original  diazonium  salt  by  concentrated  mineral 

acids. 

-The  arylsulphonyl-o-diamines    resemble    the    mono-acyl    and    -aryl 
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derivatives  of  these  bases  in  yielding  diazoimides  at  once  on  treatment 
Avith  nitrous  acid  even  in  the  presence  of  concentrated  mineral  acids. 
These  diazoimides,  which  are  generally  colourless,  are  not  attacked  by 
aqueous  alkalis  or  acids. 

In  the  experiments  described  in  the  present  communication,  a  sys- 
tematic attempt  has  been  made  to  ascertain  Avhether  this  diazoimide  con- 
densation occurs  among  the  arylsu]phonyl-?>i-diamines,  and  the  com- 
pounds examined  were  the  toluene-jo-sulphonyl  derivative  of  m-phenyl- 
enediamine  and  the  benzenesulphonyl  derivatives  of  the  metadiamines 
of  the  toluene,  7n-xy\ene,  and  mesitylene  series.  The  case  of  benzene- 
sulphonyl-jrt-phenylenediamine  has  been  already  discussed  (Trans., 
1905,  87,  83). 

The  hydrochlorides  of  these  monoacylated  metadiamines  diazotise 
readily,  forming  soluble  diazonium  chlorides  which,  on  treatment  with 
aqueous  sodium  acetate,  rapidly  undergo  decomposition  even  at  the 
ordinary  temperature,  evolving  either  the  whole  or  a  part  of  their 
diazo-nitrogen.  When  all  the  diazo-nitrogen  is  eliminated,  the 
product  consii-ts  chiefly  of  the  corresponding  arylsulphonyl-m-amino- 
phenol,  and  in  other  instances  the  residue  also  contains  an  ill-defined 
azo-derivative.  In  no  case  has  the  formation  of  a  diazoimide  been 
observed. 

The    Action   of   Nitrous    Acid    on    the    Arylsulphonyl- 

di  amiine  s. 

The  results  obtained  in  the  study  of  the  action  of  nitrous  acid  on 
the  arylsulphonyldiamines  (Trans.,  1905,  87,  73,  921,  1302  ;  1906, 
89,  4,  1158)  may  now  be  summarised  as  follows  : 

1.  The  arylsulphonyl-o-diamines  when  treated  with  nitrous  acid 
yield  stable  colourless  o-diazoimides  without  the  intermediate  forma- 
tion of  any  diazonium  salt.  This  condensation  occurs  even  in  the 
presence  of  strong  mineral  acids,  and  the  products  are  not  affected  by 
boiling  solutions  of  acids  or  alkalis. 

2  -2 

2.  The  arylsulphonyl-jo-diamines  give  rise  to  stable  diazonium  salts 
(i)  of  the  strong  acids,  but  these  compounds  on  treatment  with  the 
alkali  salt  of  a  weak  acid,  such  as  sodium  acetate,  condense  to  form 
^^-diazoimides  (ii).  These  diazoimides,  which  are  invariably  yellow, 
revert  to  the  diazonium  salt  under  the  influence  of  cold  concentrated 
mineral  acids,  and  combine  adiitively  with  phenols  and  aromatic 
amines  to  form  azo-derivatives  (iii). 
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1 
i     O  H  <^^^1'^^2*<^7H"7  ,  UNO  -OH  ^^H*^^2*C7H7      2TT  O 

4        " 


4  4 


1 


iii      n  TI  ^^-SO^-CyFy    CioH/OH  (orNHo)  p  -rr  ^NH'SO./CyH, 

4  4 

3.  1  :  8-Naphthylenedi'amine  resembles  the  ^-diamines  in  this  respect, 
inasmuch  as  its  benzeuesulphonyl  derivative  fvirnishes  a  yellow  diazo- 
imide  which  undergoes  the  above  fission  with  acids,  phenols,  and 
amines.  This  fact  indicates  that  a  para-orientation  of  the  NHg  and 
NH'SOoR  groups  is  not  an  essential  condition  for  the  production  of  a 
yellow  diazoimide  of  this  type. 

4.  The  mixed  aliphatic  aromatic  base,  w-benzenesulphonyl-o-amino- 
henzylamine,  CgHg'SOo'NH'CHg'CgH^'NH^,  behaves  to  some  extent 

1  2        " 

like  an  aromatic  arylsulphonyl-jo-diamine,  for  it  yields  stable  diazonium 
salts,  and  these  substances  on  treatment  with  sodium  acetate  give  rise 
to  a  diazoimide  which  undergoes  fission  with  acids,  phenols,  and 
amines.  In  one  important  respect,  however,  this  mixed  diazoimide 
differs  from  the  p-diazoimides ;  it  is  colourless,  whereas  the  latter  are 
all  yellow.  This  important  distinction  shows  that  the  direct  attach- 
ment of  both  NHg  and  NH-SOoR  groups  to  the  aromatic  nucleus  is 
essential  to  the  development  of  colour  in  this  series  of  compounds. 

5.  The  arylsulphonyl-m-diamines  do  not  furnish  diazoimides  ;  their 
diazonium  salts  are  stable  in  solutions  of  the  mineral  acids,  and  in 
some  cases  are  permanent  in  the  dry  state,  but  on  treatment  with 
aqueous  sodium  acetate  they  evolve  the  whole  or  a  portion  of  their 
diazo-nitrogen,  even  at  the  ordinary  temperature,  giving  rise  to 
arylsulphonyl-?rt-aminophenols,  complex  hydroxyazo-derivatives,  or 
mixtures  of  these  substances.  The  lower  homologues  of  the  series 
give  chiefly  the  azo-compounds, 

It-S02'NH-C^H4-N2-CgH3(NH-S02-Il)-OH, 
whilst  the   xylene    and    mesitylene    derivatives    furnish  the  phenolic 
compounds,  ll-SO^'NH-X-OH,  where  X  is  C^HgMe^  or  CjjHMeg. 

6.  The  benzeuesulphonyl  derivatives  of  1  : 5-naphthylenediamine 
and  ;>-aminobenzylamine  do  not  yield  diazoimides.  A  small  amount  of 
an  ill-defined  diazo-anhydride  was  obtained  from  w-benzenesulphonyl- 
w-aminobenzylamine,  which,  however,  did  not  possess  the  properties 
characteristic  of  either  the  o-  or  the  /)-di;izolmides. 

7.  In  all  cases  where  the  formation  of   a   diazoimide   occur.^,  the 
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hydrogen  atom  of  the  arylsulphonamino-group,  NHSOgR,  is  involved, 
for  when  this  atom  is  replaced  by  a  methyl  group  the  production  of 
the  diazo-anhydride  is  entirely  prevented. 

Experimental.* 

1.     m-Phenylenediamine  Derivatives. 

,  The  diazonium  chloride  of  benzenesulphonyl-m-phenylenediamine 
has  already  been  shown  to  decompose  under  the  influence  of  aqueous 
sodium  acetate  in  such  a  way  that  one  molecular  proportion  of  diazo- 
nitrogen  is  eliminated  from  two  molecular  proportions  of  the  diazo- 
compound,  whilst  the  residvies  coalesce  to  form  a  complex  hydroxyazo- 
derivative  (Trans.,  1905,  87,  83). 

Toluene- ■p-sulphonyl-m-nitraniline,  NOg * C^jH^ •  N H •  SOg* CgH^* CHg. 

3  14'  r 

This  compound  is  obtained  in  quantitative  yield  by  heating  together 
in  toluene  solution  toluene-^>sulphonic  chloride  (1  mol.)  and  ?«-nitro- 
aniline  (2  mols.).  After  neutralising  with  sodium  carbonate  and  extract- 
ing the  excess  of  9>i-nitroaniline  with  hot  water,  the  acyl  derivative  was 
extracted  with  aqueous  caustic  soda  and  reprecipitated  in  a  granular 
form  by  dilute  acid.  The  compovmd  crystallises  from  dilute  alcohol 
in  colourless  prisms  which  acquire  a  red  tinge  and  melt  at  137 — 138°. 

0-1701  gave  0-273  CO2  and  0-0700  HoO.     0  =  53-74;  H  =  4'61. 
C13H12O4N2S  requires  C  =  53-42  ;  H  =  4-10  per  cent. 

This  substance  is  distinctly  acidic,  as  it  decomposes  sodium  carbonate 
in  boiling  solutions. 

Toluene-^- sulphoni/l-m.-2)henylenediamine, 
NHg-CgH^-NH-SOs-CcH^-CHg. 

3  14'  1' 

The  preceding  nitro-compound  is  readily  reduced  with  iron  filings 
and  very  dilute  acetic  acid.  When  crystallised  from  water  or  dilute 
alcohol,  the  resulting  diamine  separates  in  fine,  colourless  needles,  but 
when  crystallising  from  strong  alcohol  it  is  obtained  in  larger  needles 
having  an  orange  colour.     The  substance  melts  at  143°. 

0-3146  gave  29-6  c.c.  nitrogen  at  21-5°  and  759  mm.     N=  1068. 
CjgHj^OgNgS  requires  N  —  10-68  per  cent. 

*  The  authors  desire  to  record  their  iudebtedness  to  Messrs.  J.  M.  Hird,  F.  G. 
Shepheard,  and  G.  S.  "Wliitby  for  the  preparation  of  some  of  the  materials  required 
in  this  research. 


i 
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When  diazotised  in  the  presence  of  strong  hydrochloric  and  acetic 
acids,  this  base  yielded  a  soluble  diazonium  chloride,  the  dilute 
aqueous  solution  of  which  on  treatment  with  aqueous  sodium  acetate 
furnished  a  bright  yellow  precipitate,  which  gradually  darkened  and 
became  brown,  while  nitrogen  was  evolved.  When  this  experiment 
was  repeated  in  the  volumeter,  the  percentages  of  nitrogen  eliminated 
in  two  separate  decompositions  were  5*37  and  5*42,  the  calculated 
amount  for  half  the  diazo-nitrogen  being  5'36.  The  yellow  product 
changed  into  a  gummy  mass  on  warming  with  alcohol  or  benzene  ; 
a  portion  dissolved  in  the  latter  solvent,  and  yellow,  nodular  crystals 
mixed  with  tarry  matter  were  deposited  on  cooling.  A  portion  was 
dissolved  in  warm  dilute  aqueous  caustic  soda  and  the  substance  re- 
precipitated  from  the  filtered  solution  with  dilute  acetic  acid.  The 
pale  yellow  product  melted  indefinitely  at  110 — 120°  and  was  analysed 
with  the  following  results  : 

0-2568  gave  21-4  c.c.  nitrogen  at  23°  and  762  mm.     N  =  9-42. 
0-2558     „     0-2038  BaSO^.     S- 10-94. 

Co^Hg^O^N^Sa  requires  N  =  10-44  ;  S  =  11  -94  per  cent. 

These  analytical  data  correspond  approximately  with  the  values 
required  for  the  hydroxyazo-derivative, 

C7H--SOo-NH-C^H^-N2-C6H3(NH-S02-C7H.)-OH. 
This  yellow   substance  gave   no  coloration  with  alkaline  /?-naphthol 
either  before  or  after  treatment  with  concentrated  hydrochloric  acid. 

The  soluble  diazonium  chloride  obtained  in  the  preceding  experiment 
interacted  with  /3-naphthol  in  the  normal  manner ;  the  azo-^-naphthol 
derivative  crystallised  from  glacial  acetic  acid  in  felted  masses  of 
scarlet  needles  and  melted  at  218-5 — 2195°, 

0-2185  gave  20  c.c.  nitrogen  at  23-5°  and  764  mm,     N  =  10-33. 
CggHjtjOgNgS  requires  N  =  10-07  per  cent. 


2.     2  :  A-Tol i/lenediamin  e     Derivatives, 

CHg  CHg 


NH-SO^-C.H^  NH^ 


II. 


Benzenesulphonyl-2-nitro-/)-toluidine, 

NO,-C,H3(CH3)-NlI-S02-CoH,, 
which    was   prep;ired    by    heating    2-nitro-p-toluidinc   (2    mols.)  with 
benzenesulphonic  chloride  (1  mol.)  in  boiling  toluene,  was  crystalli.-^ed 
from  alcohol  until  its  molting  point  became  constant  at  IGl  '.     This 
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compound  has  already  been  described  as  melting  at  160°  (D.R.-P. 
135016;  Chem.  Centr.,  1902,  ii,  1166).  This  patent  also  contains  a 
description  of  4-benzenesulphonyl-2  :  4-tolylenediamine  (I),  which  can 
be  obtained  from  the  preceding  nitro-compound  by  reduction  with  iron 
and  very  dilute  acetic  acid.  The  preparation  obtained  in  these 
experiments  melted  at  139°,  the  patent  giving  the  melting  point  as  138°. 

When  diazotised  in  the  presence  of  strong  hydrochloric  acid,  the 
base  yielded  a  crystalline  diazonium  chloride,  which  dissolved  in  water 
to  a  clear  solution.  On  adding  aqueous  sodium  acetate  to  this  liquid, 
an  intense  yellow  precipitate  was  produced,  which  reddened  and 
evolved  nitrogen.  When  this  decomposition  was  carried  out  in  the 
volumeter,  the  amounts  of  nitrogen  evolved  varied  somewhat  in 
different  experiments,  being  always  more  than  half  the  theoretical 
amount,  but  even  on  warming  to  63°  the  quantity  eliminated  still  fell 
short  of  the  total  diazo-nitrogen.  The  residue,  which  was  soluble  in 
caustic  soda  and  reprecipitated  by  acids,  had  no  definite  melting  point 
and  appeared  to  be  a  mixture  of  at  least  two  substances,  probably 
a  phenol  mixed  with  a  hydroxyazo-derivative. 

The  diazonium  chloride  when  condensed  with  alkaline  ^-naphthol 
gave  a  cherry-red  precipitate  of  the  alkali  salt  of  the  azo-y8-naphthol 
derivative ;  the  latter  when  set  free  by  dilute  acetic  acid  crystallised 
from  glacial  acetic  acid  in  scarlet,  felted  needles  and  melted  at 
247—248°. 

Benzenesulphonyl-4:-nitro-o-toluidine,  CgH^ 'SOg'N H* Cg H3(CH3) 'NOg. 

The  4-nitro-o-toluidine  (m.  p.  107 — 108°)  required  for  these  experi- 
ments was  obtained  together  with  6-nitro-o-toluidine  by  the  nitration 
of  o-toluidine  in  concentrated  sulphuric  acid  and  was  separated  from 
this  isomeride  by  Green  and  La wson's  method  (Trans.,  1891,  59,  1031). 
The  purified  base  was  boiled  with  benzenesulphonic  chloride  in  toluene 
solution  for  three  hours  ;  the  residue  after  evaporating  to  dryness  was 
extracted  repeatedly  with  aqueous  sodium  carbonate,  the  unchanged 
amine  allowed  to  crystallise,  and  the  alkaline  filtrate  acidified  with 
dilute  hydrochloric  acid.  When  recrystallised  from  dilute  alcohol, 
the  benzenesulphonyl  derivative  separated  in  colourless,  pearly  leaflets 
melting  at  172°. 

0-3078  gave  26-0  c.c.  nitrogen  at  21°  and  764  mm.     N  =  9-67. 
CJ3HJ2O4N0S  requires  N  =  9'58  per  cent. 

2-Benzenesulphonyl-2  :  \-tolylenediamine  (Formula  If). 

The  preceding  nitro-base,  when  reduced  with  iron  and  dilute  acetic 
acid,  yielded  the  corresponding  diamine,  which  was  extracted  with 
alcohol  from  the  iron  oxide  precipitate  and  recrystallised  from  the 
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same  solvent  with  the  addition  of  animal  charcoal.     It  separated  in 
colourless  leaflets  and  melted  at  138°. 

0-1896  gave  17-6  c.c.  nitrogen  at  21°  and  767  mm.     N=  10-66. 
Cj3H^^02N2S  requires  N  =  10-68  per  cent. 

When  added  to  strong  hydrochloric  acid,  the  base  at  first  became 
viscid  and  then  formed  the  crystalline  hydrochloride.  The  mixture 
when  thoroughly  cooled  and  diazotised  yielded  a  crystalline  diazonium 
chloride,  which  was  soluble  in  water  to  a  clear  solution.  When 
mixed  with  sodium  acetate,  this  liquid  became  turbid,  yielding  a  yellow 
precipitate  which  darkened  and  evolved  nitrogen;  9  98  per  cent,  of 
gas  was  evolved  at  the  ordinary  temperature,  the  calculated  percentage 
of  diazo-nitrogen  being  1068. 

The  product  was  a  somewhat  ill-defined  substance  which  did  not 
crystallise  readily  from  alcohol  or  benzene,  but  dissolved  in  aqueous 
caustic  soda  and  was  reprecipitated  by  dilute  acetic  acid ;  a  portion 
which  had  been  thus  treated  melted  at  183°  and  was  taken  for 
analysis  : 

0-1776  gave  9-4  c.c.  nitrogen  at  23°  and  762  mm.     N  =  5-98. 
0-3062     „     0-2714  BaSO^.    S=  12-16. 

C13H13O3NS  requires  ^"  =  5-32  ;  S  =  1216  per  cent. 

These  results  agree  fairly  well  with  the  composition  of  a  benzene- 
sulphonylamino-p-cresol  having  the  formula 

C6H5-S02-NH-C6H3(CH3)-OH. 

The  diazonium  chloride  of  2-benzenesulphonyl-2  :  4-tolylenediamine 
when  condensed  with  alkaline  ^-naphthol  yielded  the  brownish-red 
alkali  derivative  of  an  azo-compound.  The  azo-/3-naphthol,  when 
set  free  with  dilute  acetic  acid,  crystallised  from  glacial  acetic  acid 
in  orange-red  needles  melting  at  208°. 

[With  E.  G.  CouzENS.]- — 3.     4  -.^-Diamino-ra-xylene  Derivatives, 


-^ 


NH-S02 

•CoHs 

NH-SOg 

■CeHs 
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CHg/^ 

CH3 
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I^^NH2 
CH3 

III. 

IV. 

NH-SO^-C^H, 

CH 

'1    \ 

CH3 

V. 

•CioHo-OH- 

4  :  6-Dinitro-y;i- xylene  was  prepared  in  the  manner  already  indicated 
(Trans.,    1902,    81,    92),  crystallised   repeatedly  to   free  it  from  its 
VOL.  LXXXIX.  4  Q 
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isomeride,  2  :  4-dinitro-?H-xylene,  and  reduced  with  alcoholic  ammonium 
sulphide.  For  this  purpose  the  dinitro-compound  was  dissolved  in 
boiling  alcohol,  aqueous  ammonia  added,  the  solution  saturated  with 
hydrogen  sulphide,  and  then  boiled  in  a  reflux  apparatus  for  fifteen 
minutes.  More  ammonia  was  then  added  and  the  saturation  with 
hydrogen  sulphide  repeated  until  a  considerable  amount  of  yellow 
precipitate  had  separated.  The  solution  was  then  evaporated  down 
with  water  and  the  total  residue  extracted  with  dilute  hydrochloric 
acid  (HCl  :  HgO  =  1  :  1)  3  the  nitroxylidine  was  precipitated  in  the 
filtrate  with  ammonia  and  reciystallised  from  alcohol.  By  working 
with  10  gram  batches,  about  8 '5  grams  of  the  nitro-base  were  obtained 
in  each  operation.  After  several  crystallisations  from  alcohol,  the 
6-nitro-?>i-4-xylidine  melted  at  123°. 

Benzenesulj)honyl-&-nitro-va.-i-xylidine  (III)  was  readily  obtained  by 
adding  bonzenesulphonic  chloride  to  the  foregoing  nitro-base  dissolved 
in  dry  pyridine  and  heating  the  solution  in  a  reflux  apparatus  for 
about  two  hours.  The  mixture,  which  had  then  become  black  and 
tarry,  was  poured  into  cold  dilute  hydrochloric  acid,  allowed  to 
remain  overnight,  and  then  extracted  with  boiling  sodium  carbonate 
solution,  the  benzenesulphonyl  derivative  being  reprecipitated  with 
dilute  acid.  This  product  was  repeatedly  crystallised  from  alcohol, 
when  it  separated  in  colourless,  prismatic  crystals  melting  at  148  5°. 

0-2972  gave  25-3  c.c.  nitrogen  at  23°  and  764  mm.     N  =  9-61. 
Cj^Hj^O^NgS  requires  N  =  9'15  per  cent. 

^-Benzenesulphonyl-i  :  6-diamino-m-xylene  (IV). — The  reduction  of 
the  preceding  nitro-compound,  which  was  effected  in  the  usual  way 
with  iron  and  dilute  acid,  gave  an  almost  quantitative  yield  of  the 
corresponding  diamine,  which  was  extracted  from  the  iron  oxide  pre- 
cipitate with  alcohol.  "When  recrystallised  from  this  solvent,  the 
base  separated  in  colourless  leaflets  melting  at  167°. 

0-1546  gave  14-1  c.c.  nitrogen  at  23°  and  766  mm.     N=  10-36. 
Ci^HjgOgNgS  requires  N=  10-14  per  cent. 

Diazotisation  Experiments  with  ^-Benzenesulphonyl-^  :  Q-diamino- 

va-xylene. 

1.  Azo-derivative. — The  base  when  diazotised  in  the  usual  way 
yielded  a  soluble  diazonium  chloride  which,  when  condensed  with 
^-naphthol  in  alkaline  solution,  furnished  the  slightly  soluble  alkali 
salt  of  the  azo-/3-naphthol.  The  latter  was  set  free  with  dilr*te  acetic 
acid  and  crystallised  from  benzene. 

0-1804  gave  15-4  c.c.  nitrogen  at  22°  and  762  mm.     N==9-71. 
C24H2JO3N3S  requires  N  =  9-74  per  cent. 
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Benzenesulj)honyl-i:-(wiino-m.-xylene-^-azo-p-naphthol  (V)  separated 
in  small,  scarlet  needles  melting  at  241°. 

2.  Decomposition  of  the  Diazonium  Salt. — Weighed  quantities 
(about  0'3  gram)  of  the  base  were  diazotised  in  moderately  strong 
hydrochloric  acid  and  mixed  in  the  volumeter  with  excess  of  sodium 
acetate.  About  two-thirds  of  the  diazo-nitrogen  were  evolved  at  the 
ordinary  temperature  after  twelve  hours,  and  the  remainder  was 
eliminated  on  gently  warming.  In  two  separate  experiments,  the  per- 
centages of  nitrogen  liberated  were  9 '86  and  9  "9 5,  the  calculated  value 
for  total  diazo-nitrogen  being  lO'lS.  The  residue  was  a  yellow,  viscid 
mass,  which  hardened  on  cooling ;  it  was  soluble  in  caustic  soda  and 
repi'ecipitated  by  acids,  and  had  the  properties  of  the  following  acyl- 
aminopbenol,  CgH-'S02*IS[H-CgHo(CH3)o*OH.  As  it  did  not  crystal- 
lise readily  from  anhydrous  solvents  (benzene,  petroleum,  &c.),  the 
product  (m.  p.  136 — 143°)  Avas  analysed  without  further  purification. 

0-3092  gave  15-7  c.c.  nitrogen  at  22°  and  763  mm.     ]Sr  =  5-77. 
0-3504     „     0-2918  BaSO^.     S  =  11-43. 

Cj^HjsOgNS  requires  N  =  5-04  ;  S  =  1 1  -56  per  cent. 

This  phenolic  substance  was  subjected  to  the  Schotten-Baumann 
reaction,  and  the  product,  which  did  not  crystallise  readily,  was 
ultimately  obtained  from  a  mixture  of  water  and  alcohol  in  light 
yellow  flakes  melting  indefinitely  at  179 — 182°. 

0-2584  gave  7-8  c.c.  nitrogen  at  23°  and  760  mm.     N  =  3-40. 
Cg^HjgO^NS  requires  ISr  =  3-67  per  cent. 

a.%-{^)'Benzenesul2ihonylmethyl-^  :  Q^ictmino^m-xylenef 
N(CH3)-S02-C,H5  N(CH3)-S02-CeH5 

CH,/S  .  CH 


\/ 


NO,  ^  I      j-NH2,HCl 


CH3  CHg 

VI.  VII. 

N(CH3)-S02-C,H, 


CH3 


3 
VIJI. 


CH3 


Benzenesulphonyhnethyl-G-nitro-m-i-xylidine  (VI)  was  readily  obtained 
by  methylating  benzenesulphonyl-6-nitro-m-4-xylidine  in  absolute 
alcohol  with  methyl  iodide  and  caustic  soda  ;  it  crystal! isod  from  the 
same  solvent  in  well-defined  colourless  prisms  melting  at  185  —  186°. 

4  q   2 
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0-2990  gave  23-3  c.c.  nitrogen  at  22°  and  763  mm.     N  =  8-86. 
CigHj^O^NgS  requires  N  =  8-75  per  cent. 

The  redv;ction  of  this  nitro-compound  with  iron  and  dilute  acetic 
acid  led  to  the  production  of  an  oily  base  which  was  extracted  by 
alcohol  from  the  iron  oxide  precipitate.  As  this  oil  could  not  be 
induced  to  solidify,  its  hydrochloride  was  prepared  and  recrystallised 
from  water  acidified  with  hydrochloric  acid  ;  the  salt  separated  in 
colourless  leaflets,  decomposing  indefinitely  at  about  160°. 

0-1900  gave  13-9  c.c.  nitrogen  at  21°  and  762  mm.     N  =  8-35. 
0-4858     „     0-2078  AgCl.     CI  =  10-60. 

CisHjgOoN^SCl  requires  N  -  8-56  ;  CI  =  10-87  per  cent. 

SiS-[4:)-JBenzenesulphoni/lmethi/l-4:  :  6-diamino-in.-xylene  liydrochloride 
(VII)  diazotised  readily  to  form  a  soluble  diazonium  chloride  which, 
when  treated  in  the  volumeter  with  cold  aqueous  sodium  acetate, 
decomposed  very  slowly,  evolving  only  about  one-sixth  of  its  diazo- 
nitrogen  after  twelve  hours.  On  warming  the  mixture  to  60°,  a 
further  portion  of  the  diazo-nitrogen  was  eliminated.  A  nitrogen 
estimation  in  the  dark  red  residue  indicated  that  it  was  a  mixture  of 
a  phenolic  substance  with  a  hydroxyazo-derivative. 

Benzenesul2ihonylmethrjl-'i-amino-va.-xylene-Q-azo-^-naphthol  (VIII) 
was  prepared  from  the  foregoing  diazonium  salt  and  /8-naphthol  and 
recrystallised  from  glacial  acetic  acid  or  benzene,  when  it  separated  in 
hard,  nodular,  scarlet  crystals  melting  above  260°. 


4.  Diaminomesitylene  Derivatives, 
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CH3l^^CH3 
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CH3i^CH3 
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Dinitromesitylene  was  prepared  by  Fittig's  method  and  reduced 
with  equal  weights  of  iron  filings,  glacial  acetic  acid,  and  ten  parts  by 
weight  of  water ;  the  mixture  was  boiled  vigorously  for  an  hour, 
rendered  alkaline  with  sodium  carbonate,   and  filtered  rapidly,  when 
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yellow  needles  of  nitromesidine  separated.  A  further  quantity  may 
be  obtained  on  concentrating  the  mother  liquors,  or  these  may  be 
treated  with  benzenesulphonic  chloride  and  caustic  alkali. 

Benzenesulphonylnitroriiesidine  (IX).  —  Nitromesidine  interacts 
readily  with  benzenesulphonic  chloride  either  in  boiling  toluene  or 
pyridine  solution,  and  the  condensation  can  also  be  effected  by  the 
Schotten-Baumann  reaction.  As  prepared  in  this  way,  benzene- 
sulphonylnitromesidine  is  contaminated  with  a  certain  amount  of 
s-dihenzenesulphonyldiaminomesitylene,  C(.,H(CH3)3(NH*S02' 0^115)2, 
owing  to  the  presence  of  diaminomesitylene  in  the  product  of  the 
reduction  of  dinitromesitylene.  The  two  benzenesuphonyl  derivatives 
were  separated  by  their  different  solubilities  in  dilute  alcohol,  the 
disulphonyl  derivatives  separating  first  as  the  solution  cooled.  After 
recrystallisation  from  the  same  solvent,  the  disulphonyl  derivative 
melted  at  248°. 

0-3719  gave  22-2  c.c.  nitrogen  at  20°  and    760  mm.     N  =  6-83. 
0-2584     „     15-2  c.c.  „  21-5°  „  759-5  mm.     N  =  6-70. 

0-3692     „     0-4022  BaSO^.     S  =  14-99. 

CjiHggO^NgSg  requires  N  =  6-50  ;  S=  14-83  per  cent. 

The  dilute  alcoholic  filtrate  from  the  s-dibenzenesulphonyldiamino- 
mesitylene  yielded  on  evaporation  striated,  yellow  leaflets,  but  when 
recrystallised  from  benzene  the  substance  was  obtained  in  the  form  of 
colourless,  nodular  crystals  melting  at  162 — 163°. 

0-1262  gave  10-0  c.c.  nitrogen  at  23-5°  and  761  mm.     N  =  8-94. 
CijHjqO^X.^S  requires  X  =  8-75  per  cent. 

Benzenesulphonyldiaminomesitylene  (X)  was  obtained  from  the  pre- 
ceding nitro- compound  by  reduction  with  iron  filings  and  dilute  acetic 
acid.  The  base  when  recrystallised  from  dilute  methyl  alcohol 
separated  in  nodular  crystals  melting  at  156°. 

0-1558  gave  12-1  c.c.  nitrogen  at  22^  and  762-5  mm.     N  =  8-83. 
0-5270     „     0-4161  BaSO^.     8  =  10-84. 

Oi5Hjg02N2S  requires  N  =  9-06  ;  S  =  11  "03  per  cent. 

When  diazotised  in  hydrochloric  acid,  the  diamine  furnished  a  colour- 
less solution  which,  on  treatment  with  sodium  acetate,  evolved  a  con- 
siderable amount  of  nitrogen  even  in  the  cold.  At  the  same  time,  a 
colourless  precipitate  slowly  separated ;  this  substance,  which  dis- 
solved in  aqueous  caustic  alkalis,  but  was  insoluble  in  acids,  crystal- 
lised from  dilute  alcohol  in  colourless  needles  melting  at  178 — 179°. 

0-2938  gave  13-5  c.c.  nitrogen  at  23°  and  760  mm.     N  =  517. 
Ci5Hj703NS  requires  N  =  4-89  per  cent. 
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This  result  indicates  that  the  substance  is  a  benzenesulphonylamino- 
mesitol,  having  the  formula  CgH5-S02-NH-C6H(CH3)3-OH. 

Benzenesulphonylaminomesiti/lejieazo-jS-naphthol  (XI),  obtained  from 
diazotised  benzenesulphonyldiaminomesitylene  hydrochloride,  crystal- 
lised from  glacial  acetic  acid  in  coppery-red,  acicular  prisms  and 
flattened  needles  which  melted  at  222°. 

0-1688  gave  138  c.c.  nitrogen  at  23°  and  761  mm.     N  =  9-23. 
C25H23O3N3S  requires  N~9'43  per  cent. 

The  sodium  salt  of  this  azo-derivative  is  a  deep  red  substance 
which  is  precipitated  on  warming  the  alkaline  solution  containing  its 
generators. 

The  authors  desire  to  express  their  thanks  to  the  Government  Grant 
Committee  of  the  Royal  Society  for  a  grant  which  has  partially 
defrayed  the  expenses  of  this  communication. 

KoYAL  College  of  Science,  London, 
South  Kensington,  S.W, 
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CLEVE   MEMORIAL   LECTURE. 

Delivered  on  June  2Lst,  1906. 
By  Thomas  Edward  Thorpe,  C.B.,  F.R.S. 

No  circumstance  in  the  national  and  personal  history  of  experimental 
science  is  more  remax'kable  than  the  position  which  Sweden  and 
the  Swedes  occupy  in  relation  to  chemistry.  When  regard  is  had 
to  her  position  among  Continental  nations — to  her  chequered 
political  history,  to  her  geographical  isolation,  the  comparative 
sparseness  of  her  population,  her  relative  poverty,  the  fewness  of 
her  seats  of  learning — the  influence  which  Sweden  has  been  able 
to  exert  on  the  development  of  that  branch  of  science  which  it  is 
the  proper  function  of  this  Society  to  foster  must  always  excite 
our^'wondei*,  admiration,  and  gratitude.  The  mere  mention  of  the 
names  of  Bergmann,  Scheele,  Berzelius,  Mosander,  Gadolin,  Nilson, 
is  sufficient  to  remind  us  how  great  have  been  her  services  to  the 
science  of  chemistry. 

In  Per  Theodor  Cleve,  who  was  elected  a  Foreign  Member  of 
this  Society  in  1883,  we  had  a  man  who  throughout  a  strenuous 
life,  wholly  devoted  to  academic  pursuits,  and  to  the  cultivation  of 
pure  science,  worthily  upheld  and  handed  forward  the  traditions 
which  his  countrymen  had  succeeded  in  associating  with  his  calling 
and  particular  office.  In  compliance  with  our  custom,  and  at  the 
request  of  the  Council,  I  am  privileged  this  evening  to  offer  you 
some  account  of  the  life  work  of  our  deceased  Foreign  Member. 

I  owe  the  invitation  doubtless  to  the  circumstance  that  I  enjoyed 
the  personal  acquaintance  and  friendship  of  Cleve,  who  for  some 
years  past  did  me  the  honour  to  accept  of  my  hospitality  during  his 
visits  to  London.  Although  I  had  thereby  opportunity  of  learning 
at  first  hand  something  of  his  personal  history  and  of  his  achieve- 
ments, and  of  noting  his  mental  and  intellectual  characteristics 
and  of  forming  impressions  such  as  can  only  be  acquired  by 
social  intercourse  and  personal  contact,  I  am  conscious  that  my 
account  of  the  man  and  of  his  work  owes  whatever  of  completeness 
it  may  possess  to  the  assistance  which  has  been  afforded  to  me  in 
its  compilation  by  Cleve's  daughter  and  her  husband.  On  learn- 
ing of  the  duty  which  had  been  imposed  upon  mc  by  your  Council, 
Dr.  and  Mrs.  Eulcr  were  good  enough  to  forward  to  me  an  advance 
copy  of  the  obituary  notice  which  they  were  preparing  for  the 
Jierichtc  of  the  German  Chemical  Society,  and  which  has  now  been 
published.  Of  this  account  I  have,  with  their  permission,  made 
full  use  in  putting  together  what  I  have  to  tell  you  this  evening. 
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Per  Theodor  Cleve  was  born  in  Stockholm  on  February  10th, 
1840.  He  was  the  thirteenth  child  of  the  merchant  F.  T.  Cleve, 
whose  ancestors  had  emigrated  from  Western  Germany  and  settled 
in  Sweden  during  the  middle  of  the  eighteenth  century.  It  is  told 
of  the  young  Cleve  that  even  during  his  school-time  his  leaning 
towards  natural  science,  and  especially  towards  natural  history,  was 
strongly  marked,  and  that  he  spent  hours  which  should  have  been 
devoted  to  classical  studies  in  rambling  round  the  country  in  search 
of  animals,  plants  and  stones — to  the  despair  of  the  philologs,  who 
set  him  down,  as  they  had  previously  done  his  great  countryman 
Berzelius,  as  a  youth  of  very  little  promise.  This  love  for  natural 
history  was  an  abiding  passion  with  Cleve,  and  constantly  struggled 
with,  and  in  the  end  conquered,  his  allegiance  to  chemistry.  Destiny, 
indeed,  intended  that  he  should  be  a  naturalist :  the  stress  of  cir- 
cumstance only  made  him  a  chemist.  The  boyish  love  of  rambling 
strengthened  into  a  constant  yearning  for  foreign  travel.  His 
sympathy  with  the  natural  objects  around  his  home — with  the 
birds  and  flowers  of  his  native  woods  and  fields,  and  the  many  won- 
derful minerals  in  his  native  rocks — grew  into  an  intense  desire  to 
see  and  to  know  Nature  in  her  every  mood,  and  under  many  skies. 
Had  fortune  favoured  him  Cleve  would  probably  have  followed  in 
the  footsteps  of  Humboldt  and  Darwin,  and  spent  his  life  in 
scientific  travel;  compelling  circumstances  kept  him  for  the  most 
part  at  home,  and  in  the  end  made  him  what  he  was. 

Although  it  is  clear  that  Cleve's  predilections  were  towards  an 
academic  life,  it  is  not  very  obvious  why  he  became  a  chemist.  It 
may  have  been  that  the  outlook  as  regards  natural  history  was 
not  very  hopeful :  Scandinavia  forty  years  ago  was  not  as  convinced 
as  now  of  the  supreme  importance^  to  her  national  prosperity  of  those 
studies  to  which  Cleve  was  inclined.  As  regards  chemistry  the 
times  were  more  propitious.  The  early  'sixties  was  a  period  of 
great  unrest  in  that  science,  and,  as  we  all  know,  it  culminated 
in  nothing  less  than  a  revolution.  Although  speculation  and  theory 
had  never  much  attraction  for  Cleve,  the  young  candidal  could 
not  have  been  wholly  uninfluenced  by  the  movement  of  the  time, 
or  insensible  to  the  effect  it  was  exerting  on  the  development  of 
chemistry.  Be  this  as  it  may,  Cleve,  who  after  five  years'  residence 
at  Upsala  had  taken  his  degree,  became  when  twenty-three  years 
of  age  a  lecturer  on  Organic  Chemistry  in  the  University.  At  that 
time  the  Chair  on  General  Chemistry  at  Upsala  was  held  by  Lars 
Svanberg,  who  almost  exclusively  occupied  himself  with  miner- 
alogical  inquiries.  He  was  a  fairly  prolific  contributor  to  the  litera- 
ture on  mineral  chemistry  of  the  period,  and  occasionally  associated 
himself  with  his  students  in  mineral  analyses,  but  Cleve  apparently 
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owed  little  to  his  teaching  and  still  less  to  his  example  or  encoiii-- 
agement. 

Cleve's  earliest  contribution  to  chemical  literature,  made  when 
he  was  twenty-one  years  of  age,  was  "  On  Some  Ammoniacal 
Chromium  Compounds,"  and  consisted  in  an  extension  of  the  work 
of  Fremy,  by  whom  this  interesting  class  of  substances  was  first 
made  known.  The  chromammonium  derivatives  are  among  the  most 
complicated  and  perplexing  of  inorganic  compounds,  and  their 
discovery  undoubtedly  gave  a  great  extension  to  the  conception 
of  isomerism  in  mineral  chemistry.  Cleve  thus  early  entered  on  a 
field  of  inquiry  which  occupied  him  for  several  years,  and  which 
has  taxed  the  energies  of  many  successive  investigators,  notably 
Jorgensen  and  Christensen.  Cleve's  first  communication  definitely 
established  the  existence  and  fixed  the  composition  of  the  initial 
member  of  the  chromtetrammonium  series,  namely  chlorochrom- 
tetrammonium  chloride,  Clg*  Crg*  SNHgCl^*  2HoO,  or,  as  he  termed 
it,  tetramminchromchlorid,  a  salt  forming  beautiful  deep  red 
trimetric  crystals. 

The  study  of  isomerism,  using  that  term  in  its  widest  sense,  and 
the  influence  of  structure  and  constitution  on  the  properties  of 
bodies,  may  be  said  to  have  been  the  guiding  principle  which 
actuated  the  major  part  of  Cleve's  experimental  labours,  whether 
in  inorganic  or  organic  chemistry.  The  most  cursory  inspection  of 
his  published  work  shows  that  this  was  the  dominant,  underlying 
motive  of  his  inquiries — the  silver  thread  which  ran,  as  it  were, 
through  the  fabric  he  elaborated.  This  fact  requires  to  be  borne 
in  mind,  in  justice  to  Cleve,  as  indicating  his  philosophic  habit  of 
mind,  and  the  real  objective  of  his  intellectual  activity.  Accident 
and  opportunity  no  doubt  at  times  appeared  to  change  the  main 
current  of  his  thoughts;  his  mind  was  too  active  not  to  perceive 
and  even  occasionally  to  follow  the  many  side-issues  to  which  his 
inquiries  gave  rise,  but  with  a  true  economy  he  invariably  returned 
to  what  he  recognised  to  be  the  proper  direction  of  his  energies. 
Singleness  of  aim  and  tenacity  of  purpose  are  the  hall-marks  of 
every  successful  prosecutor  of  scientific  inquiry,  and  Cleve  possessed 
these  characteristics  in  an  eminent  degree. 

His  work  on  the  chromammonium  compounds  naturally  led  him 
to  undertake  the  investigation  of  similar  groups  of  inorganic  sub- 
stances, in  the  hope  of  further  elucidation  of  the  problems 
in  which  he  was  interested,  and  he  next  occupied  himself 
with  the  study  of  the  platinum  bases,  the  chemistry  of  which  was 
even  in  a  more  chaotic  condition  than  that  of  the  more  recently 
discovered  chromium  compounds.  The  history  of  the  platinum 
bases,  or  platinammines,  takes  its  rise  from  the  discovery  by  Magnus 


1301  THORPE:   CLEVE    MEMORIAL   LECTURE, 

in  1828  of  the  famous  "  green  salt "  with  which  his  name  is 
associated,  and  which  he  prepared  by  the  action  of  aqueous  ammonia 
on  platinous  chloride.  Ten  years  later,  Gros,  under  Liebig's  direc- 
tion, obtained  a  series  of  chlorinated  derivatives  of  this  salt,  con- 
taining the  groujj  NO3,  and  shortly  afterwards  Reiset  prejDared  the 
base  Pt(NH3)^(OH)2,  of  which  the  compounds  prepared  by  Gros 
and  the  green  salt  of  Magnus  were  regarded  as  salts. 

The  relation  between  these  substances  was  expressed  as  follows :  — 

Reiset's  first  base     Pt(NH3)4(OH)2. 

Gros's  salt     Cl2Pt(NH3)4(Nb3)2. 

Green  salt  of  Magnus Pt(NH3)^-PtCl4. 

In  1844  Reiset  obtained  a  second  series  of  salts  con- 
taining only  half  as  much  ammonia  as  the  first  series, 
and  from  which  a  new  base  could  be  prepared — the  so- 
called  Reiset's  second  base.  Peyrone  some  time  afterwards 
prepared  a  chloride  which  had  the  same  composition  as 
the  chloride  of  Reiset's  second  base,  namely,  PtClo*2NH3, 
but  which  was  altogether  different  from  it  in  properties.  Isomerism 
among  inorganic  substances  was  at  that  time  unknown,  and  to 
Berzelius,  who  first  gave  us  the  term,  was  inconceivable.  Personal 
friendship  and  trust  in  Wohler  may  have  predisposed  him  in  the 
first  instance  to  tolerate  the  existence  of  isomerism  among  carbon 
compounds,  to  which  his  own  work  on  tartaric  acid  may  have  further 
inclined  him,  as  something  exceptional  and  peculiar  to  organic 
substances,  but,  in  the  main,  to  Berzelius  identity  of  composition 
meant  identity  of  character :  there  was  no  room  in  his  system  for 
inorganic  isomerides,  and  Peyrone's  discovery  was  met  by  flat 
incredulity.  But  evidence  as  to  its  truth  steadily  accumulated. 
Raewsky  discovered  the  analogues  to  Gros's  compounds,  and  Ger- 
hardt  and  Laurent  made  known  the  existence  of  the  platinammine 
salts.  The  theoretical  aspect  of  these  facts  was  everjrwhere  recog- 
nised as  of  the  highest  importance.  They  constituted  so  many  test 
cases  by  which  the  sufiiciency  of  a  doctrine  which  had  long  domi- 
nated chemisti'y  could  be  tried,  and  served  to  augment  the  slowly 
accumulating  body  of  testimony  which  eventually  overthrew  it. 
Driven  to  recognise  the  existence  of  these  compounds,  Berzelius 
made  futile  efforts  to  reconcile  them  with  his  electro-chemical 
system.  But  the  inadequacy  of  these  attempts  was  apparent  to 
all  but  the  blindest  adherents  of  the  Swedish  school.  On  the 
other  hand,  Gerhardt,  by  an  extension  of  the  theory  of  types, 
gave  a  more  or  less  plausible  explanation  of  the  mode  of  structure 
and  constitution  of  these  groups  of  substances,  which  was  not 
out   of   harmony  with   prevalent  conceptions,   and   which,   indeed, 
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in  some  respects,  foreshadowed  present-day  developments  in  its 
recognition  of  variable  valency.  But  the  swing  of  the  pendulum 
is  not  confined  to  that  particular  department  of  intellectual 
activity  we  call  politics;  we  have  constant  examples  of  it  in 
every  sphere  of  human  thought,  for  the  movement  is  eventually 
controlled  and  regulated  by  the  gravitational  tendency  which  is 
inherent  in  the  truth  itself.  The  explanations  of  Berzelius  might 
be  partial  and  imperfect,  but  the  underlying  truth  in  his  doctrine 
could  never  be  wholly  obscured,  and  when  the  system  of  types,  as  a 
theory  of  chemistry,  in  its  turn  gave  way  to  a  more  rational 
generalisation,  what  there  was  of  permanent  value  in  both  became 
incorporated  in  the  new  philosophy. 

As  I  have  said,  the  theoretical  significance  of  these  compounds 
was  very  generally  recognised,  and  in  this  connection  I  may  recall 
the  early  work  of  Buckton,  extending  from  1851  to  1854,  and  of 
Hadow,  published  in  our  Journal  for  1866. 

It  was  at  about  this  period  that  Cleve  undertook  the  study  of 
the  ammonia  platinum  compounds.  He  had,  of  course,  been  reared 
under  the  doctrine  of  Berzelius,  whose  influence,  indeed,  was 
paramount  in  Sweden  long  after  it  had  waned  in  the  rest  of  Europe, 
and  he  had  no  disposition  or  inducement  at  the  time  to  trouble 
himself  about  its  limitations.  Speculative  chemistry  had  never,  at 
any  period,  much  attraction  for  Cleve.  In  this  respect  he  resembled 
Bunsen,  with  whose  mental  characteristics  he  had  other  points  of 
resemblance  and  sympathy.  His  first  papers  on  the  platinum  bases, 
published  by  the  Royal  Society  of  Sciences  of  Upsala,  are,  there- 
fore, as  might  have  been  anticipated,  written  wholly  in  the  spirit 
and  from  the  standpoint  of  an  adherent  of  the  orthodox  school  of 
chemical  philosophy  in  Sweden.  He  was  induced,  he  says,  to  under- 
take the  investigation  of  these  substances  as  a  sequel  to  his  work 
on  the  chromammonium  compounds  in  the  hope  of  eventually 
obtaining  an  independent  view  of  the  general  constitution  of  the 
metal-ammonia  compounds.  The  first  object  of  his  inquiry  was 
sufficiently  modest ;  it  was  to  determine  the  position  of  the  chlorine 
in  the  salts  obtained  from  Gros's  base.  Gros's  base  he  found  to  be 
free  from  halogen;  it  could  be  regarded  as  an  oxidised  derivative 
of  Reiset's  first  base.  The  salts  obtained  by  Gros,  as  well  as  those 
of  Raewsky,  were,  in  fact,  derivable  from  the  hydroxyl  compound 

(On).,Pt(NH3),(OH),. 

a  formula  which  further  serves  to  indicate  one  of  the  most  re- 
markable properties  of  its  salts,  namely,  that  the  halogens  and 
acid  radicles  which  they  may  contain  are  not  removable  with  equal 
facility.     Thus,   for   example,   the   four   chlorine   atoms   in   Gros's 
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chloride  are  not  equally  precipitable  by  silver  nitrate,  a  fact  -wliicli 
may  be  explained  by  saying  that  it  contains  two  chlorine  ions  and 
two  undissociated  chlorine  atoms.  One  of  the  sulphates  prepared 
by  Cleve  had  the  same  empirical  composition  as  a  basic  sulphate 
derived  from  Gros's  base,  but  only  one  of  the  three  equivalents  of 
sulphuric  acid  was  precipitable  by  barium  salts.  From  this  salt  he 
prepared  a  platinum  base,  which  he  termed  Sulphatodiplatinammin, 
and  to  which  he  subsequently  gave  the  formula 


^>Pt<r^S3NH30S02 
OH^^'^^NHgNHgCl      ■ 

Some  of  the  early  work  on  the  platinum  bases,  more  particularly 
that  on  Gros's  compounds,  was  done  in  Wiirtz's  laboratory  in 
Paris,  but  in  1868  Cleve  returned  to  Sweden  and  worked  for  some 
months  in  the  mineralogical  laboratory  of  the  Stockholm  Academy 
of  Sciences.  Here  he  discovered  an  entirely  new  series  of  these 
complicated  compounds,  which  he  obtained  by  the  action  of  ammonia 
on  the  iodine  derivatives  of  Gros's  base.  They  were  the  first  repre- 
sentatives of  these  bases  containing  the  double  platinum  atoms,  and 
were  termed  by  him  the  diplatinammin  compounds.  He  eventu- 
ally gave  to  them  the  following  rational  formula :  — 

^-    ,  ^NH3.]SrH3N03- 

I  ^NH3-NH3N03 

1.  ^t\NH3-NH3N03- 

In  his  attempt  to  gain  a  true  conception  of  the  constitution  of 
the  metal-ammonia  bases  Cleve  undoubtedly  obtained  great  assist- 
ance from  Blomstrand,  and  there  is  no  question  that  the  "  Chemie 
der  Jetztzeit,"  which  was  published  in  Heidelberg  in  1869,  and  in 
which  Blomstrand  developed  and  extended  his  views  of  the  mutual 
relations  of  these  various  groups  of  substances  into  an  orderly  and 
systematic  arrangement,  gave  Cleve  his  first  clear  insight  into  their 
constitution  and  intradependence.  The  effect  on  him  was  imme- 
diate, and  is  to  be  seen  in  his  next  memoir  in  1870  on  the  isomeric 
platinum  bases,  in  which  he  finally  renounces  the  Berzelian  system 
of  representation  and  notation  in  favour  of  the  more  comprehensive 
and  rational  scheme,  founded  on  valency,  which  still  satisfies  us. 

In  this  paper  he  describes  a  number  of  derivatives  of  Reiset's 
second  base,  as  well  as  a  series  of  salts  isomeric  with  these.  The 
first  members  of  these  latter  salts  were  discovered  by  Peyrone,  but 
their  true  relations  remained  hitherto  obscure.  These  compounds 
were    termed    by    Cleve    the    platinoxydulammoniuiu    salts.     Hi? 
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study  of  the  properties  of  the  two  isomeric  series  led  him  to  suggest 
the  following  formulae  as  expressing  their  constitution :  — 

/NH3CI  ^NH3.NH3C1 

Chloride  of  Reiset's  second  base.  Platinoxydulanimonium  chloride. 

Cleve  further  found  that  tetravalent  platinum  gave  rise  to  a 
series  of  salts,  obtained  fi'om  platinoxydammonium,  isomeric 
with  Gerhardt's  platinammine  compounds.  The  two  series  of  com- 
pounds discovered  by  Cleve,  Pt(NIl3'NH3R)R  and 

R2Pt(NH3-NH3R)R, 
were  subsequently  termed  by  Blomstrand,  whose  classification  and 
nomenclature  of  the  platinammonium  compounds  is  still  commonly 
adopted,  the  platososemidiammines  and  platinsemidiammines,  whereas 
the  isomeric  bases  of  Reiset,  Pt(NH3R)2,  and  Gerhardt,  R2Pt(NH3R)2, 
were  styled  respectively  platosammines  and  platicammines. 

In  order  to  obtain  further  experimental  support  for  his  views 
of  the  constitution  of  these  isomerides,  Cleve  studied  their  behaviour 
towards  aniline.  He  found  that  in  the  case  of  the  compound 
obtained  fi'om  the  platosammine  chloride  the  two  aniline  molecules 
were  readily  split  off,  whereas  in  that  derived  from  the  platosemi- 
diammine  chloride  a  molecule  of  aniline  remained.  In  the  first 
case  we  had 

p  /NH3CI 

whilst  in  the  second  we  had,  according  to  Cleve, 

p^NH3Cl 

Cleve's  view  that  both  classes  of  salts  contain  divalent  platinum 
is,  however,  hardly  probable  in  view  of  Jorgensen's  later  work.  The 
constitution  of  the  corresponding  chlorides  would  seem,  on  the 
whole,  to  be  better  represented  by  the  formulae 

although  Cleve's  expression  has  the  merit  of  clearly  indicating 
the  important  fact  of  the  different  behaviour  of  the  chlorine  in 
the  two  isomeric  chlorides. 

This   paper   was  followed  (1871)  by   a  short  communication   iu 
which    Cleve   explained    the    relation   between    the   green    salt   of 
Magnus,  platodiammine  chloride  platinous  chloride, 
Pt(NH3-NH3Cl),-PLCl2, 
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and  the  brown  salt  discovered  by  Peyrone — the  first  member  of  the 
platosamminesemidiammine  series — 


-NHgNH^Cl 

/  CI 


The  chloride    Pt^^ij^p,    ^      may  be    caused    to    combine  with  two 


atoms  of  chlorine,  when  it  forms  Pt  CT -vttt'Vii    ^     • 

\ci 

Tlie  coi responding  platinamminesemidiammine  derivatives  were  also 
prejoared  by  Cleve. 

In  the  same  year  he  published  two  papers  on  the  sulphites  and 
nitrites  of  the  isomeric  bases  of  platosammine  and  platosemidiam- 
mine. 

The  work  on  the  ammoniacal  platinum  bases  occupied  Cleve 
nearly  six  years,  and  he  put  together  his  results  in  a  remarkable 
memoir,  written  in  English  and  published  by  the  Swedish  Academy 
of  Sciences  in  1872,  a  copy  of  which  is  to  be  found  in  our  Library. 
In  this  memoir,  which  extends  to  upwards  of  100  4to.  pages,  Cleve 
arranges  all  the  known  derivatives  of  the  ammoniacal  jDlatinum 
bases  in  accordance  with  Blomstrand's  scheme  of  classification, 
using  his  system  of  terminology.  The  whole  of  these  bodies — many 
hundreds  in  number — may  be  groviped  imder  three  main  divisions, 
each  division  being  subdivided  into  several  series,  as  follows :  — 

Group  I. — Plato-  or  Plaloso-compounds. 

Series     I.  Platosemiammines,  RPtNHgR. 
,,      II.  Platosammines,  Pt(NIl3R)2. 
„    III.  Platodiammines,  Pt(NH3NH3R)2. 
„     IV.  Platosemidiammines,  Pt(NIl3-NH3-R)R, 
„      Y.  Platomonodiammines,  Pt(NH3.NH3R)(NH2R). 

Group  II. — Platini-  or  Platin-com2)Ound8. 

Series      I.  Platinammines,  R2Pt(NIl3R)2. 

„      II.  Platinidiammines,  R2Pt(NIl3*NHgR)2. 

„    III.  Platinisemidiammines,  R2Pt(NH3*NH3R)R. 

„    IV.  Platinimonodiammines,  R2Pt(NH3-NH3)R(NH3R). 

„      V.  Platinitriammines,  R2Pt(NH3-NH3-NH3R)2. 


I 
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Group  III. — Diplatinum  Compounds. 

Pt(NH3-NH3R) 
Series      I.  Diplatodiamraines,  | 

Pt(NH3-NH3R) 

IlPt(NH3-NH3R) 
Series     II.  Diplatosodiammines,  |  , 

RPt(NH3-NH3ll) 
Pt(NH3-NH3R) 
or  I 

R2Pt(NH3-NH3Tl) 
RPt(NH3Tl)2 
Series  III.  Diplatinam mines        | 

RPt(NH3R)2 
RPt(NH3-NH3e)2 
Series  IV.  Diplatinidiammines     | 

RPt(NH3-NH3R)2 

Although  Cleve  entitles  his  memoir  "  On  Ammoniacal  Platinum 
Bases,"  its  subject-matter  really  comprehends  the  discussion  and 
systematic  arrangement  of  all  the  metalline  ammoniacal  bases  and 
their  salts  at  that  time  known,  and  nnist  have  involved  great  labour 
and  research  in  its  compilation. 

From  this  review  of  all  the  known  ammoniacal  compounds  of  the 
different  metals  Cleve  concluded  :  — 

I.  The  highest  number  of  molecules  of  ammonia  which  occur 
united  together  in  ammoniacal  compounds  is  4.  Tetrammints  of 
calcium,  strontium,  and  perhaps  of  cuprosum  are  as  yet  the  only  ones 
known. 

II.  Triammines  are  formed  by  calcium,  magnesium,  cobalt,  nickel, 
zinc,  cadmium,  silver,  rhodium  and  iridium. 

III.  Diammines  are  produced  by  most  metals. 

IV.  Consequently,  as  a  rule,  the  most  positive  metals  seem  to 
have  the  power  of  uniting  the  greatest  number  of  molecules  of 
ammonia,  but  more  negative  metals,  such  as  platinum,  form  the 
most  stable  ammoniacal  compounds.'^ 

During  some  portion  of  the  time  over  which  this  work  extended, 
Cleve  found  opportunity  to  gratify  his  inclination  towards  the 
study  of  natural  history.     Shortly  after  his  return  from  Paris  ho 

The  prefixes  mono-,  di-,  kc,  denote  the  number  of  NHj  groups  dkectly  united 
with  cue  another,  and  not  the  number  of  such  gi'oups  in  direct  union  with  the  Pt 
atom.  Thus,  as  the  compounds  in  Series  III,  Group  II,  contain  (NH^'NlIg)  or  one 
diamminc  chain,  they  are  called  scini-diaiiimines  ;  and  as  those  in  Series  IV,  Group 
II,  contain  one  diaiiunine  and  one  monoammine  chain,  they  arc  termed  mono- 
diu'iHi  nines. 
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was  enabled,  by  means  of  a  grant  from  the  Stockholm  Academy 
of  Sciences,  to  undertake  a  journey  to  the  West  Indies  with  a  view 
to  an  inquiry  into  the  geological  structure  of  the  Antilles,  the  results 
of  which  were  published  in  1871  in  English,  by  the  Swedish 
Academy. 

On  his  return  he  was  made  Adjunct  in  Chemistry  in  what  was 
then  known  as  the  Stockholm  Technological  Institute,  but  which 
has  now  developed  into  a  polytechnic  of  the  type  of  Charlottenburg 
or  Zurich.  Whilst  occupying  this  position  he  did  a  considerable 
amount  of  literary  work,  compiling  text-books  and  putting  together 
many  contributions  to  the  periodical  literature  of  the  time  on 
botanical  and  geological  subjects.  On  Svanberg's  retirement  he 
was  called  to  the  Chair  of  Chemistiy  in  XJpsala,  where  he  remained 
until  the  age-limit  of  sixty-five  which  operates  in  Sweden  required 
him  to  resign  the  Professorship. 

Shortly  before  his  removal  from  the  Swedish  capital  to  Upsala, 
Cleve  turned  hia  attention  to  the  study  of  the  rare  earths — a  branch 
of  chemical  inquiry  with  which  the  names  of  Scandinavian  investi- 
gators ai*e  pre-eminently  associated.  As  is  well  known,  Sweden  has 
the  good  fortune  to  possess  an  uncommon  share  of  those  minerals 
which  are  characterised  by  containing  the  so-called  rare  earths — one 
small  locality  alone,  namely,  Ytterby,  not  far  from  Stockholm,  was 
famous  as  the  happy  hunting-ground  of  the  collector — and  the 
investigation  of  this  material  was  long  the  monopoly  of  Swedish 
chemists,  as  the  names  of  Gadolin,  Ekeberg,  Mosander,  Berzelius, 
Hisinger,  and  Bahr  testify.  The  greater  part  of  their  work  in  this 
special  department  of  mineral  chemistry  was  done  during  the  first 
third  of  the  nineteenth  century,  and  resulted  in  the  addition  of 
no  fewer  than  seven  svibstances  to  the  list  of  the  chemical  elements 
then  known,  namely,  yttrium,  cerium,  thorium,  lanthanum, 
didymium,  terbium,  and  erbium.  The  death  of  Berzelius  and  the 
consequent  disappearance  of  his  school,  together  with  the  extra- 
ordinary development  of  organic  chemistry,  due  mainly  to  Liebig  and 
his  associates  in  Germany,  and  to  Dumas,  Laurent  and  Gerhardt, 
and  others  in  France,  undoubtedly  checked  the  progress  of  inquiry 
in  the  special  field  which  the  Swedish  chemists  had  cultivated  with 
such  brilliant  success.  But  the  discovery  of  the  remarkable  absorp- 
tion spectrum  of  didymium  by  Gladstone,  and  of  that  of  erbium  by 
Bahr,  led  to  renewed  activity  in  rare-earth  chemistry,  and  the 
services  of  the  spectroscope  as  an  analytical  instrument  were  at  once 
brought  into  requisition  in  connection  with  this  department  of 
inorganic  chemistry. 

It  was  at,  this  juncture  that  Cleve  and  his  collaborator  Hoglund 
entered  the  field,  and  in  a  paper  published  in  1872  they  gave  the 
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lestilts  of  an  inquiry  which  covered  much  the  same  ground  as  a 
prior  investigation  by  Bahr  and  Bunsen  on  the  gadolinite  earths. 

Incidentally,  however,  Cleve  and  Hoglund  prepared  a  large 
number  of  hitherto  undescribed  salts  of  yttrium  and  erbium,  both 
of  which  they  regarded  at  that  time  as  divalent  elements. 

The  publication  by  Mendeleefi  of  the  epoch-making  memoir  in 
which  he  first  made  known  the  great  generalisation  which  is  as- 
sociated with  his  name  resulted  in  further  attention  being  paid  to 
the  chemistry  of  the  rare  earths.  As  will  be  remembered, 
Mendeleeff  in  this  paper  discussed  the  position  of  certain  of  the  rare- 
earth  metals  in  the  periodic  system,  and  showed  that  all  the  known 
facts  rendered  it  in  the  highest  degree  probable  that  the  greater 
number  of  these  elements  must  be  regarded  as  belonging  to  the 
third  group  of  his  scheme  of  classification.  Cleve  at  once  recognised 
that  the  systematic  study  of  this  group  of  elements  in  the  light  of 
Mendeleeff's  generalisation  would  constitute  one  of  the  strongest 
tests  of  its  validity.  He  repeated  and  extended  his  work  with 
Hoglund  on  the  compounds  of  yttriixm  and  erbium,  and  then 
attacked  the  chemisti-y  of  the  elements  thorium,  lanthanum,  and 
didymium.  Xo  stronger  evidence  of  Cleve's  power  of  work 
could  be  adduced  than  is  shown  in  the  monograph  pubr 
lished  in  1874,  embodying  the  results  of  the  two  years"  labour,  on 
the  compovmds  of  these  five  metals.  Concurrently  with  this  inquiry, 
Jclin,  under  Cleve's  direction,  took  \vp  the  study  of  the  salts  of 
cerium.  As  the  result  of  this  comprehensive  investigation,  Cleve 
established  that  thorium  is  certainly  a  quadrivalent  element,  whilst 
the  other  metals  constitute  a  natural  group  of  chemically  related 
bodies,  of  which  cerium  and  lanthanum,  on  the  one  hand,  and 
yttrium  and  erbium  on  the  other,  form  subgroups,  the  respective 
members  of  which  stand  in  close  relationship  to  each  other,  their 
compounds,  as  Marignac  and  Topsoe  had  shown,  being  respectively 
isomorphous;  whereas  didymium  would  appear  to  occupy  an  inter- 
mediate position,  as  it  forms  salts  which  are  isomorphous  sometimes 
with  the  one  subgroup  and  sometimes  with  the  other.  If  we  assume 
with  Cleve  that  lanthanum  is  to  be  regarded  as  trivalent,  it  follows 
that  the  remaining  four  elements  are  also  trivalent,  a  conclu- 
sion which  Cleve  sought  to  establish  by  the  preparation  of  a  large 
number  of  typical  salts.  Cleve's  main  conclusions  were  not  uni- 
versally accepted  at  the  time  of  their  publication,  and  indeed  were 
freely  criticised  by  Delafontaine  and  by  Wyrouboff,  but  all  subse- 
quent inquiry  has  served  to  establish  their  validity,  and  the  position 
of  these  elements  in  the  schemes  of  classification  at  present  in  vogue 
is  practically  that  which  Cleve  indicated. 

Some   years  later,  and    mainly  in  consequence   of   the   work  of 
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Frericlis  and  Smith,  Cleve  was  induced  to  repeat  certain  of  his 
observations  on  the  compounds  of  lanthanum  and  didymium.  He 
confirmed  his  results,  with,  however,  this  significant  difference,  that 
for  the  first  time  he  was  led  to  give  expression  to  his  doubt  as  to 
the  individuality  of  didymium  He  founded  this  svirmise  mainly 
on  the  behaviour  of  didymium  oxide  on  heating,  the  change  in 
colour  suggesting  the  presence  of  another  element. 

How  well  founded  was  this  surmise  was  established  by  Auer  von 
Welsbach  in  1885  by  the  discovery  of  praseodymium. 

In  the  years  immediately  following  the  publication  of  Cleve's 
papers,  the  chemistry  of  the  rare-earth  metals  received  important 
extensions  by  the  discovery  of  ytterbium  by  Marignac  and  of 
scandium  by  Nilson.  Shortly  after  the  existence  of  the  latter 
element  was  made  known,  Cleve  was  enabled  to  prepare  a  number 
of  its  salts,  and  to  make  the  first  determinations  of  its  atomic 
weight,  with  the  result  of  proving  that  scandium  was  identical 
with  Mendeleeff's  ekaboron.  It  is  hardly  necessary  to  remind 
you  of  the  effect  on  the  chemical  world  of  this  discovery.  It  was  the 
second  instance  of  the  realisation  of  Mendeleeff's  prediction  as  to  the 
existence  of  hitherto  unknown  elements  the  properties  of  which  he 
had  been  able  to  forecast  by  the  aid  of  the  principles  he  first  clearly 
indicated.  The  realisation  of  these  predictions,  coming  so  soon 
after  the  promulgation  of  the  Periodic  Law,  did  more  to  secure  its 
general  acceptance  among  men  of  science  than  any  other  set  of  facts. 

Marignac's  discovery  of  ytterbium  in  what  was  generally  regarded 
as  a  homogeneovis  earth  rendei'ed  it  almost  certain  that  the  pro- 
perties up  to  that  time  associated  with  erbia  were  not  those  of 
an  individual  substance,  and  accordingly  Cleve  set  himself  to  prepare 
pure  erbia  with  a  view  to  an  accurate  study  of  its  characters  and  a 
redetermination  of  its  atomic  weight.  No  erbia  that  Cleve  could 
at  the  outset  obtain  furnished  constant  atomic  weight  values,  and 
he  concluded,  therefore,  that  Mosander's  erbia  was  even  a  more 
complicated  mixture  than  had  hitherto  been  surmised.  Thalen's 
investigation  of  the  spectroscopic  behaviour  of  the  several  fractions 
obtained  by  Cleve  showed  that  they  contained,  in  addition,  possibly, 
to  other  su.bstances,  at  least  two  new  elements,  one  having  an 
atomic  weight  between  that  of  erbium  and  of  yttrium — ^that  is 
between  166  and  89,  and  the  other  having  an  atomic  weight  between 
those  of  erbium  and  ytterbium — that  is  between  166  and  173.  The 
former  Cleve  named  holinium,  the  latter  he  called  thulium. 
Holmium  appears  from  its  spectroscopic  indications  to  be  identical 
with  Soret's  X.  It  is  still  doubtful,  however,  whether  holmia  and 
thulia  are  actually  simple  svibstances ;  there  is  good  reason  to  believe, 
indeed,  that  Cleve's  holmia  is  in  reality  a  mixture  containing 
possibly  unknown  elements. 
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Unfortunately,  these  substances  are  present  in  the  gadolinite 
earths  in  extremely  small  quantity,  and  their  separation  is  both 
tedious  and  imperfect. 

Although  Cleve  was  unable  to  do  more  than  indicate  the  probable 
existence  of  these  new  elements  in  gadolinite,  he  eventually  suc- 
ceeded in  obtaining  pure  erbia,  and  the  atomic  weight  which  we  now 
associate  with  that  element  is  based  upon  his  determinations. 

The  discoveries  made  subsequent  to  1874  led  Cleve  to  undertake 
a  revision  of  his  determinations  of  the  atomic  weights  of  yttrivim, 
lanthanum  and  didymium.  As  regards  yttrium  and  lanthanum, 
the  repetition  resulted  in  comparatively  unimportant  changes;  in 
the  case  of  didymium  the  number  was  much  too  high,  owing  to  the 
presence  of  samarivim,  prior  to  that  time  unknown.  The  number 
obtained  by  Cleve  on  repetition  was  142,  almost  the  arithmetic 
mean  of  the  atomic  weights  of  its  two  subsequently  discovered  com- 
ponents,  praseodymium,   140-5,   and  neodymivim,   143-6. 

Cleve  next  studied  the  action  of  hydrogen  dioxide  upon  the  rare 
earths,  and  described  a  number  of  their  peroxides,  and  in  1883 
and  1885  he  published  important  papers  on  samarium  and  its  salts, 
and  gave  the  first  accurate  estimation  of  its  atomic  weight. 

These  constituted  his  last  conti'ibutions  to  this  department  of 
mineral  chemistr^^,  although  he  continued  to  the  end  to  take  an 
interest  in  its  further  development,  placing  the  stores  of  material 
which  he  had  accumulated  in  the  Upsala  laboratory  at  the  disposal 
of  such  of  his  students  as  were  willing  to  devote  themselves  to  its 
investigation,  and  who  were,  at  the  same  time,  capable  of  taking 
advantage  of  the  advice  and  counsel  which  his  own  ripe  experience 
enabled  him  to  give.  It  is  only  necessary  to  name  the  monographs 
on  praseodymium  by  Scheele,  on  ytterbium  by  Astrid  Cleve,  on 
gadolinium  by  Benedicks,  and  on  neodymium  by  Holmberg,  to  show 
that  these  treasures  have  been  turned  to  good  account. 

As  is  well  known  to  all  here,  the  rare  earths  have  acquired  an 
increased  importance  within  recent  times  owing  to  their  technical 
value  in  connection  with  artificial  illumination,  and  the  whole  world 
is  now  being  searched  for  new  sources  of  supply.  Even  now  un- 
dreamt-of amounts  of  certain  of  them  resulting  from  the  operations 
needed  to  extract  the  commercially  valuable  oxides  are  at  the  dis- 
posal of  investigators,  and  we  may  confidently  anticipate,  therefore, 
fresh  additions  to  knowledge  in  a  field  of  inquiry  where  much  still 
remains  to  be  done. 

Cleves  services  to  inorganic  chemistry,  and  especially  to  rare- 
earth  chemistry,  were  recognised  by  the  Royal  Society  in  1894  by 
the  award  to  him  of  the  Davy  Medal.  In  presenting  the  medal,  the 
President,  Lord  Kelvin,  said :  "  This  field  of  inquiry  is  pre- 
eminently Scandinavian.    By  the  manner  in  which  he  has  cultivated 
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it,  Professor  Cleve  has  shown  himself  a  v/orthy  successor  of  suck 
forerunners  as  Gadoliu,  Berzelius  and  Mosander,  and  by  sound  and 
patient  investigation  he  has  faithfully  upheld  the  traditions  insepar- 
ably associated  with  these  names.  All  chemists  are  agreed  that 
no  department  of  their  science  demands  greater  insight  or  more- 
analytical  skill  than  this  particular  section.  Many  of  the  minerals 
which  furnish  the  starting  point  for  investigation  are  extremely 
rare,  and  the  amounts  of  the  several  earths  which  they  contain  are 
frequently  very  small.  Moreover,  the  substances  themselves  are 
most  difficult  of  isolation,  and  their  chai'acters  are  so  nearly  allied 
that  the  greatest  care  and  judgment  are  required  in  order  to  de- 
termine their  individuality.  A  remarkable  example  of  Professor 
Cleve's  power  in  overcoming  these  difficulties  is  seen  in  his  masterly 
inquiry  into  the  affinities  and  relations  of  the  element  scandium, 
discovered  by  Nilson.  This,,  one  of  the  rarest  of  the  metals,  is  found 
only  in  gadolinite  to  the  extent  of  0003  per  cent. ;  and  in  yttro- 
titanite  to  the  extent  of  about  0005  per  cent.  The  whole  amount 
of  the  material,  as  oxide,  at  Cleve's  disposal  was  only  about  1  gram, 
but  with  this  small  quantity  he  determined  the  atomic  weight  of 
the  element,  and  ascertained  the  characters  of  its  salts  with  such 
precision  as  to  leave  no  doubt  of  the  identity  of  scandium  with 
the  element  Ekahor,  the  existence  of  which  was  predicted  by 
Mendeleeff,  in  the  memorable  paper  in  which  he  first  enunciated 
the  Law  of  Periodicity.  Cleve's  research,  indeed,  constitutes  one 
of  the  most  brilliant  proofs  of  the  soundness  of  the  great  generalisa- 
tion which  science  owes  to  the  Russian  chemist. 

"  A  not  less  remarkable  instance  of  Cleve's  skill  as  a  worker  is 
seen  in  his  research  on  samarium  and  its  compounds,  which  he  com- 
municated, as  one  of  its  Honorary  Foreign  Fellows,  to  the  Chemical 
Society  of  London.  The  existence  of  samarium  was  inferred  inde- 
pendently by  Delafontaine  and  Lecoq  de  Boisbaudran,  but  we  owe 
to  Cleve  the  first  comprehensive  investigation  of  its  characters  and 
chemical  relations.  From  the  nature  of  its  compounds,  a  large 
number  of  which  were  first  prepared  and  quantitatively  analysed 
by  Cleve,  and  from  the  value  of  its  atomic  weight,  which  was  first 
definitely  established  by  him,  it  would  appear  that  samarium  most 
probably  fills  a  gap  in  the  eighth  group  of  Mendeleeff's  system." 

And  perhaps  I  may  be  pardoned  for  saying  that  there  is  no 
circumstance  in  my  official  connection  with  the  Royal  Society  which 
I  have  greater  pleasure  in  recalling  than  the  share  I  was  permitted 
to  take,  as  a  member  of  its  Council,  in  thus  testifying  to  the 
appreciation  which  all  British  chemists  feel  of  the  value  of  Cleve's 
services  to  their  science. 

Cleve's   name   is   associated   with  descriptive  mineralogy   in  con- 
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nection  with  a  mineral  first  made  known  by  Nordenskjold  in  1878, 
and  which  is  of  importance  from  its  relation  to  the  history  of 
argon  and  helium.  It  will  be  remembered  that  Hillebrand,  in  1890, 
announced  that  gaseous  nitrogen  was  a  constituent  of  cleveite. 
Shortly  after  the  discovery  of  argon,  Cleve  directed  his  pupil  Langlet 
to  make  a  further  investigation  of  the  gases  in  this  mineral.  The 
results  of  this  inquiry  were,  however,  anticipated  by  Ramsay,  who 
discovered  that  the  characteristic  gases  of  cleveite  were  helium  and 
argon.  Langlet  made  use  of  the  helium  thus  extracted  to  make 
the  first  accurate  determinations  of  its  atomic  weight,  and  obtained 
the  value  He  =  40  which  finds  its  place  in  our  tables. 

As  director  of  the  Upsala  laboratory,  then,  as  now,  the  most 
important  school  of  chemistry  in  Sweden,  Cleve  was  anxious  to 
secure  for  organic  chemistry  its  proper  position  in  the  scheme  of 
instruction  in  the  University.  Since  the  death  of  Berzelius,  Sweden 
had  mainly  won  her  laurels  in  the  fields  of  mineral  chemistry,  but 
no  teacher  in  Cleve's  position  could  be  unmindful  of  the  extra- 
ordinary development  of  the  chemistry  of  the  carbon  compounds 
which  had  resulted  from  the  activity  of  French  and  German 
workers,  or  oblivious  of  the  material  benefits  which  followed  from 
the  technical  applications  of  their  discoveries. 

It  was  incumbent  on  him,  therefore,  to  arrange  that  Upsala  should 
take  her  due  share  in  the  cultivation  of  this  great  and  rapidly 
extending  branch  of  inquiry.  Although  it  might  be  expected  that 
Cleve's  predilections  as  a  worker  would  be  to  continue  in  the  line 
of  investigation  with  which  he  had  been  associated  for  so  many 
years  past,  and  in  connection  with  which  he  had  accumulated  such 
rich  stores  of  material,  he  determined  to  embark  himself  upon  the 
great  ocean  of  organic  research  with  such  of  his  pupils  as  were 
disposed  to  accompany  him.  As  might  have  been  surmised,  he  was 
mainly  attracted  by  problems  of  isomerism  and  constitution,  and  he 
found  in  the  chemistry  of  naphthalene  ample  scope  for  the  exercise 
of  his  powers.  Cleve  began  by  attacking  the  constitution  of  the 
nitrosulphonic  acids.  This  he  and  Atterberg  sought  to  unravel 
by  converting  them  into  the  corresponding  dichloronaphthalenes 
by  the  methods  of  Carius,  Koninck  and  Marquardt.  This  field  of 
inquiry  occupied  the  Upsala  laboratory  for  about  eighteen  years. 
When  Cleve  entered  it  only  two  of  the  ten  possible  dichloronaph- 
thalenes were  known.  He  himself  prepared  six  of  the  isomerides, 
and  Atterberg  obtained  two  more  in  addition.  Only  those  who 
have  occupied  themselves  with  work  of  this  character  can  fully 
realise  how  tedious  and  time-consuming  it  is  owing  to  the  very 
slight  differences  in  physical  characters  which  certain  of  the  sub- 
stances possess. 
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The  nitrosulphonic  acids  prepared  by  Cleve  of  which  he  was 
able  to  determine  the  constitution  were  the  1-5,  the  1-6,  1-3,  1-7,  1-8 
and  1'4.  He  also  prej^ared  the  corresponding  amino-acids,  of  which 
the  1"6  and  1"7  ax'e  of  special  importance  in  the  colour  industry, 
and  are  known  in  technology  as  Cleve's  naphthylaminesulpho-acids. 
Cleve  and  his  pupil  Arnell  also  prepared  and  studied  eight  of 
the  fourteen  possible  chloronaphthalenesulphonic  acids,  namely,  the 
1-4,  2-6,  2-8,  1-5,  1-6,  1-3,  1-2  and  1-7  isomerides,  and  he  further  pre- 
pared many  of  the  nitro-compounds,  the  constitution  of  which  he 
determined  by  conversion  into  the  trichloronaphthalenes.  Other 
coadjutors  in  this  work  in  the  Upsala  laboratory  were  Jolin, 
Widman,  Ekstrand,  Forsling  and  Ekbom. 

In  awarding  the  Davy  Medal  Lord  Kelvin  also  made  allusion  to 
the  naphthalene  work,  and  to  the  manner  in  which  Cleve  had  thus 
gradually  brought  order  out  of  confusion,  adding  that:  "Within 
recent  years  a  score  of  workers  have  occupied  themselves  with  the 
same  field  of  research,  and  no  greater  proof  of  Cleve's  accuracy  and 
care  as  an  investigator  could  be  furnished  than  the  manner  in 
which  his  naphthalene  work — confessedly  one  of  the  most  intricate 
and  complicated  sections  of  the  chemistry  of  aromatic  compounds — 
has  stood  the  ordeal  of  revision." 

No  account  of  the  outcome  of  the  Upsala  laboratory  whilst  under 
Cleve's  direction  would  be  complete  without  some  allusion  to  the 
fact  that  it  was  during  that  period  and  in  that  place  that  Svante 
Arrhenius  acquired  his  knowledge  of  chemical  science.  The  cele- 
brated memoir  of  1884  in  which  Arrhenius  first  promulgated  the 
theory  which  has  made  him  famous  was  his  Doctor-Dissertation  at 
Upsala. 

Cleve,  who,  I  have  good  grounds  for  stating,  greatly  appreciated 
his  honorary  membership  of  our  Society,  published  several  of  his 
contributions  to  the  literature  of  chemistry  in  our  Journals.  Among 
these  was  his  first  memoir  on  samarium,  which  appeared  in  our 
Transactions  in  1883.  He  also  published  a  short  note  in  our 
Proceedings,  in  1891,  on  the  formation  of  an  explosive  substance 
from  ether.  Lastly  I  may  remind  you  of  the  obligation  which  the 
Society  is  under  to  him  for  the  admirable  critical  estimate  of  the 
life-work  of  his  friend  Marignac  which  forms  the  memorial  lecture 
on  our  distinguished  Foreign  Member. 

Although  Cleve  continued  to  the  end  of  his  academic  career  to 
interest  himself  in  the  proper  work  of  his  chair,  reading  the 
periodical  literature  of  our  science  with  regularity,  and  studying  to 
keep  himself  informed  of  its  development,  towards  the  close  of 
his  life  he  became  more  and  more  absorbed  in  those  biological 
studies  to  which  he  had  never  ceased  to  be  attracted,  and  latterly 
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he  gave  himself  entirely  to  them.  Of  his  work  on  the  diatoms 
and  on  plankton — most  of  which  was  published  in  English — this 
is  not  the  place  to  speak,  even  if  I  were  competent  to  offer  any 
opinion  concerning  it.  That  it  should  have  secured  for  him  the 
honorary  membership  of  the  Royal  Microscopical  Society — a  dis- 
tinction which  he  prized  not  less  than  his  fellowship  in  our  Society — 
is  some  evidence  of  the  value  which  contemporary  workers  set  upon 
his  labours. 

When  the  time  for  his  retirement  from  the  Chair  at  Upsala 
arrived,  he  moved  to  Gothenburg  that  he  might  be  near  the  sea  and 
in  touch  with  the  hydrographic  station  at  Borno,  and  thus  pursue 
uninterruptedly  and  in  quietude  the  study  of  his  beloved  plankton. 
Of  a  sound  constitution  and  of  good  bodily  strength,  regular  and 
methodical  in  his  habits,  active  in  mind,  serene  in  temper,  and 
unimpaired  in  intellectual  vigour,  he  might  still  at  sixty-five 
look  forward  to  many  years  of  scientific  activity.  But  these  years 
were  not  to  be  his.  In  December  of  1904  he  was  suddenly  seized 
with  pleurisy.  His  heart  became  affected,  and  cardiac  asthma 
supervened.  In  the  spring  of  1905  he  was  somewhat  better  and 
journeyed  to  Upsala,  but  died  there,  within  three  weeks  of  his 
arrival,  on  the  18th  of  June,  1905. 

His  memory  will  be  cherished  by  those  who  had  the  privilege  of 
his  friendship  as  that  of  a  true  man,  vigorous  in  intellect,  rich  in 
mental  acquirement,  wide  in  sympathy  with  every  branch  of  natural 
science,  courteous  in  manner,  calm  and  unimpassioned  in  judg- 
ment, of  a  humour  ironical  at  times  and  even  mordant,  but  withal 
tolerant  and  large-hearted,  and  of  a  flexibility  of  opinion,  especially 
on  theoretical  questions,  which  was  often  disconcerting  to  his  friends. 
And  in  the  annals  of  science  his  name  will  continue  to  live  as  that 
of  one  who  followed  her  unselfishly  and  gave  unstintedly  to  her 
service  all  that  was  best  in  him. 
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CXXXII. — Labile   Isomerism    among   Acyl   Derivatives 
of  Salicylamide. 

By  James  McConnan  and  Arthur  Walsh  Titherley. 

The  benzoylation  of  salicylamide,  as  was  shown  by  one  of  the 
authors  (Trans.,  1905,  87,  1207),  may  give  rise  to  two  mono-benzoyl 
derivatives.  One  of  these,  0-benzoylsalicylamide  (m.  p.  144°), 
BzO'CgH^'CO'NHg,  is  labile  and  readily  passes  into  the  other,  a  stable 
compound  melting  at  208°  and  identical  with  the  product  obtained  by 
Gerhardt  and  Chiozza  {Ann.  Chini.  Phys.,  1856,46,  169;  Jahresher., 
1856,  502)  by  heating  benzoyl  chloride  and  salicylamide.  Owing 
to  the  anomalous  properties  of  this  compound  there  is  some 
doubt  as  to  its  constitution.  Titherley  and  Hicks  (Trans.,  1905, 
87,  1207)  showed  that  its  properties  were  not  consistent  with  the 
expected  ^-benzoyl  formula,  OH'CgH^'CO'NR'Bz,  but  adduced 
evidence  showing  that  the  benzoyl  group  was  attached  to  the 
phenolic  oxygen  atom,  and  concluded  that  it  was  probably  an 
iminohydroxide  and  not  a  true  amide,  the  relation  between  the  two 
benzoyl  derivatives  being  represented  thus  : 

BzO-CgH^-CO-NHo  — >  BzO-C^,H4-C(OH):NH. 

Labile,  m.  p.  144°.  Stable,  ni.  p.  208°. 

Auwers  (5er.,  1905,  38,  3256)  objected  to  this  hypothesis  and  regarded 
Gerhardt's  benzoylsalicylamide  (m.  p.  208°)  as  the  simple  iV^-benzoyl 
derivative,  OH'CgH^-CO'NHBz,  and  this  view  was  also  held,  chiefly  on 
the  evidence  of  a  faint  ferric  chloride  reaction,  by  Einhorn  and  Schupp 
((Ber.,  1905,  38,  2793).  In  a  later  paper,  Einhorn  and  Haas  (Ber., 
1905,  38,  3627),  in  discussing  the  instability  of  salicylamide  carbonate, 
CO-NH2-C6H4-0-CO-0-CgH4-CO-NH2,  which  should  be  formed  by  the 
action  of  concentrated  sulphuric  acid  on  the  nitrile, 

CN'CgH^-O-CO-O-CgH^-CN, 
but   which   decomposes   into   salicylamide   and   carbonylsalicylamide, 

CgH4<^   I      ,  regard    this    rearrangement   as   further   evidence   in 

O     CO 

support  of  Auwers'   view  that   Gerhardt's  compound  is  an  iV^-benzoyl 

derivative.     Auwers'  theory  as  to  the  isomeric  change   observed   by 

Titherley  and  Hicks  involves  the  transport  of  a  benzoyl  group,  and  in 

support  of  this  view  he  quotes  his  work  on  the  acylation  of  ortho- 

hydroxy-aromatic  aminps  of  the  type 

^  ^  ^NHR       ,  ^  „  ^CH/NHR 

{Annalen,  1904,  332,    159),  in  which  he  has  shown  that  the  0-acyl 
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derivatives,  owing  to  their  instability,  immediately  pass  into  the  iV^-acyl 
isomerides. 

As,  however,  the  properties  of  Gerhardt's  compound  do  not  entirely 
support  this  theory,  the  authors  have  further  investigated  the  substance, 
as  well  as  a  series  of  other  acyl  derivatives  of  salicylamide,  in  the  hope 
of  throwing  light  on  what  promised  to  be  an  interesting  problem.  The 
result  has  been  to  show  that  the  simple  iV-benzoyl  formula  cannot  be 
accepted  and  that  acyl  salicylamides  in  general  exhibit  remarkable 
labile  isomerism.  It  has  been  clearly  demonstrated  that  Gerhardt's 
benzoylsalicylamide  is  tautomeric  and  can  behave  as  if  the  benzoyl 
were  attached  to  both  iY  and  0 ;  but  it  has  been  further  made  clear 
that  the  iminohydroxide  formula  of  Titherley  and  Hicks  is  no  longer 
tenable.  The  following  resume  of  the  more  characteristic  properties  of 
this  substance  illustrates  its  tautomeric  character, 

(1)  Properties  supporting  the  '^-Benzoyl  Formula,  Q^^<Cp,jT 

— Gerhardt's  compound  is  soluble  in  sodium  or  ammonium  hydroxides 
and  forms  a  silver  salt.     The  latter  with  methyl  iodide  yields  a  methyl 

derivative  which  has  been  identified  as  CgH^<C^^-,;j-  ,  since  the  same 

compound  (m.  p.  141-°)  has  been  synthesised  by  the  pyridine-benzoyla- 
tion  of  0-methylsalicylamide.  With  diazomethane,  Gerhardt's  com- 
pound reacts  in  ethereal  solution  yielding  the  same  (9-methyl-iV-benzoyl 
salicylamide.  With  alcoholic  ferric  chloride  it  gives  a  red  coloration 
so  faint  as  to  have  been  overlooked  by  Titherley  and  Hicks. 

(2)  Properties ojyposed  to  the^-Benzoyl  Formula,  O^H^\^tt  • — 

It  is  not  affected,  as  was  shown  previously,  by  warming  with  aqueous 
ammonia.  The  authors  have  shown  that  secondaiy  amides  are  readily 
decomposed  by  this  treatment,  giving  primary  amides,*  thus  : 

R-CO-NH-CO-R'  +  NHg  — >  R-CO-NH.3  +  R'-CO-NH2. 

Auwers  {Ber.,  1905,  38,  3256)  explains  the  stability  of  the  compound 
towards  ammonia  by  assuming  that  the  OH-group  exerts  an  inhibiting 
influence  :  (1)  owing  to  its  ortho-position  and  (2)  by  leading  to  salt 
formation  similar  to  that  which  E.  Fischer  [Ber.,  1898,  31,  3274)  has 
shown  hinders  the  hydrolysis  of  certain  esters  and  amides  by  sodium 
hydroxide.  Although  this  argument  may  be  sound,  its  insufficiency  in 
reference  to  (1)  is  demonstrated  by  the  now  well-established  fact  that 

both  C),H,<^^^^^'^^  and  C,H4<[J2*^^"^^  isolated   by  Titherley 

and  Hicks,  which  contain  heavier  ortho-groups,  are  rapidly  decomposed 

*  This  interesting  ruactiou  of  secondary  amides  is  uuder  investigation,  the 
results  of  which  will  be  communicated  later. 
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by  ammonia,  yielding  the  same  compound  (Gerhardt's  benzoylsalicyl- 

amide),  whilst  CgB[^\-->T>  ^    is    not    affected    by  ammonia.      In 

reference  to  (2),  Fischer  did  not  show  that  salt  formation  completely 
prevents  hydrolysis.  Heated  in  a  sealed  tube  with  ammonia, 
Gerhardt's  compound  yields  salicylamide  and  benzoic  acid,  a  reaction 
which  is  inconsistent  with  the  iV^-benzoyl  formula.     With  phosphorus 

oxychloride,    it  yields  benzoylsalicylnitrile,  CgH4<!^^T3     (m.  p.  105°), 

as  has  been  shown  by  one  of  the  authors  (Proc,  1905,  21,  288). 

On   boiling   with    acetic   anhydride   it    yields    0-benzoyl-iV-acetyl 

salicylamide,   CgH^^p-p.  (see  p.  1324),  and  on  pyridine  benzoyla- 

tion  at  —  15°  it  yields  a  mixture  of  two  benzoyl  derivatives  (see  p.  1326). 

Perhaps,  however,  the  most  convincing  evidence  against  the  simple 
iV-benzoyl   formula  for  this  substance  is  to  be  found  in  a  comparison 
of  its  properties  with  those  of  iV^-acetylsalicylamide, 
r,  jj  ^CO-NHAc 
S"4\pH 
The  latter,  which  has  been  isolated  by  the  authors,  exhibits  quite  normal 
properties;   it  gives  an  intense  reddish-violet  ferric  chloride  reaction ; 
it  gives  only  a  faint  yellow  colour    with    ammonia,    by  which  it    is 
rapidly  decomposed  ;  and,  unlike  Gerhardt's  compound,  it  possesses  the 
usual  solubility  relations  of  secondary  amides.     Moreover,  in  accord- 
ance with  its  true  phenolic  character,  it  gives  an  abnormal  molecular 
weight  by  the  cryoscopic  method,  whilst  Gerhardt's  compound  gives  a 
normal  result. 

Statement  of  Hypothesis. — To  account  for  the  conflicting  evidence  as 
to  the  constitution  of  Gerhardt's  benzoylsalicylamide  and  to  explain 
the  peculiar  relations  observed  among  the  acyl  salicylamides,  various 
hypotheses  have  been  considered  ;  of  these,  the  only  one  which  is  con- 
sistent throughout  is  that  of  cyclic  tautomerism,  in  which  the  alterna- 
tive tautomeric  forms  are  an  open  chain  and  a  ring.  Gerhardt's 
compound  by  this  hypothesis  may  be  represented  as  the  ring  deriv- 

CO'NH  C  H 

ative,    I  r^^'^rxTT  ^'  ^^^  ^^^^  formula  was  tentatively  suggested 

Cgll4~0  OM 

by  Titherley  and  Hicks  (loc.  cit.,  p.  1211),  but  rejected  for  want  of 
evidence.  With  a  mass  of  accumulated  observations  now  in  hand, 
the  ring  hypothesis  has  been  adopted,  since  it  furnishes  a  satisfactory 
explanation  of  the  apparently  contradictory  features  of  this  investiga- 
tion. 

Assuming  in  the  labile  0-acyl  salicylamides  that  the  CO  of  the  acyl 
group  engages  with  the  hydrogen  of  the  OO'NHg  group  in  close 
proximity,     forming     a    cyclic    hydroxy-derivative    which    may    be 
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tautomeric,  a  compound  results  which,  if  stable,  remains  as  such  (B), 
or,  if  unstable,  may  undergo  one  of  two  changes  :  (1)  the  hydroxyl  H 
may  wander  back  to  the  nitrogen  atom  (giving  A),  or  (2)  may  wander 
to  the  phenolic  oxygen  atom  {giving  rise  to  C).  With  a  perfectly 
reversible  system  the  scheme  is  thus  : 

CO 


NH^       -->      r  Y  r'^oH      --> 


CO 

CO.R  <--  '\J^^C<-  <- 

{A.)  .  (B.) 

.COv 


\NH-CO-R 

OH 

(C.) 

Varying  grades  of  stability  of  the  types  A,  B,  and  C  might  be 
expected  according  to  the  nature  of  R,  and  according  to  whether  the 
residual  hydrogen  of  the  NH  group  is  further  substituted.  Taking  the 
mono-benzoylsalicylamides  as  concrete  examples,  form  A  exists  as  a 
labile  compound,  Bz'O'CgH^'CO'ISrHg  (m.  p.  144°),  which,  stable  at 
15°,  passes  on  heating  or  in  ionising  solvents  extremely  easily  into  B 
or  G,  forming  the  stable  derivative  (Gerhardt's  compound,  m.  p. 
208°),  which  is  tautomeric  and  may  equally  well  possess   the  open 

chain,  CqTL^<C^^jt  ^    ^,  or  closed  chain  formula, 

CO-NH  C,H, 

CgH^-O-^'^OH  ■ 
Only  on  this  assumption  can  its  peculiar  behaviour  be  satisfactorily 
accounted  for.  Conversely,  all  attempts  to  prepare  iV-benzoylsalicyl- 
amide  by  the  recognised  methods  of  amide  acylation  (Titherley,  Trans., 
1904,  85,  1673)  lead  to  the  production  of  Gerhardt's  compound 
(B  :^:^  C).  Lastly,  the  authors  have  shown  that  this  compound  is 
stable  only  in  a  relative  sense,  and  on  heating  with  glacial  acetic  acid 
may  be  converted  largely  into  the  so-called  labile  O-benzoylsalicylamide 
(A).  This  change  is  difficult  to  reconcile  with  Auwers'  hypothesis, 
which  assumes  a  simple  wandering  of  the  benzoyl  group  from  0  to  iV. 
It  is  evident  that  such  a  scheme  of  reversible  change,  involving 
ring  production  in  one  of  the  tautomeric  forms,  is  analogous  to  the 
so-called  lactone  tautomerism  which  is  shown  by  certain  di-aldehydes 
(for  example,  succinaldehyde  and  phthalaldehyde)  or  y-aldehydic  and 
y-ketonic  acids ;  and  the  analogy  is  sufficiently  complete,  implying  the 
engagement  between  a  CO  group  and  a  mobile  hydrogen  atom,  to 
render  the  change  a  likely  one.     The  ring  form  contains  the  metox- 
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■     C 


azine  skeleton  ^|        U    as  a  derivative  of  benzometoxazone,  and  on 

d 

this  account  the  authors  propose  to  name  this  new  kind  of  change 
"  metoxazone  tautomerism." 

A  rearrangement  somewhat  analogous  to  this  has  already  been 
observed  by  Cebrian  (£er.,  1898,31,  1592),  who,  in  condensing  salicyl- 
aldehyde  with  primary  amides  in  presence  of  sodium  acetate,  obtained 
products  which  were  evidently  cyclic,  and  which  he  named  "  cumar- 
azines,"  thus : 


'Ch;o   ,   T,  r^^^TTT      .  ^tt^ch:n-cor 

-OH 

CH=K    „  JR 


C«H4<OK       +   K'CONH,  ->  CeH,<^5-^-^0^  --> 


Cebrian's  cumarazines,  which  are  apparently  stable,  contain  the 
same  metoxazine  skeleton  as  the  cyclic  tautomeric  forms  of  the 
authors'  acyl  salicylamides  (phenylhydroxybenzometoxazones). 

If  the  simple  theory  of  acyl-wandering,  by  which  Auwers  explains  the 
conversion  of  the  labile  benzoylsalicylamide  into  its  stable  isomeride, 
be  accepted,  it  would  be  necessary  to  assume,  in  the  acyl  salicylamides 
now  known,  an  unprecedented  mobility  of  acyl  groups,  as  will  be 
shown ;  whilst  a  cyclic  mechanism  avoids  this  difficulty,  and  also 
explains  why  the  labile  phenomena  are  restricted  to  acyl  derivatives 
of  salicylamide,  the  alkyl  derivatives  of  the  latter  showing  no  such 
tendency  to  change. 

The  following  brief  statements  of  the  relationships  observed  in  the 
present  investigation  will  serve  to  illustrate  the  perplexing  nature  of 
the  problem  and  support  the  theory  as  to  metoxazone  tautomerism. 

0-Acetylsalicylamide,  AcO-CgH^-CO-NHg  (m.  p.  138°),  is  obtained 
by  the  pyridine-acetylation  of  salicylamide  at  —  15°,  and  its  structure 
follows  from  its  chemical  properties  as  well  as  from  the  fact  that  it 
may  also  be  synthesised  by  the  action  of  ammonia  gas  on  0-acetyl 
salicyl  chloride,  AcO'CgH^'CO'Cl.  On  treatment  with  aqueous 
ammonia,  or  on  heating  or  standing  in  pyridine  solution  at  15°,  it  is 
readily  transformed  into  an  isomeride  melting  at  147°,  a  change 
analogous  to  the  rearrangement  of  O-benzojlsalicylamide ;  but  the 
isomeride  has  markedly  different  properties  from  Gerhardt's  compound, 
and  behaves  as  the  true  iV^-acetylsalicylamide,    OH'CgH^'QO-NHAc. 

Cf^'TsTT^T  O  IT 

It  is  evident  that  the  ring  formula    i  rC>^'^rvLT  ^  ^^  more  stable 

OgM^  O  OJi 

CO-NR    ^,/CH3       ^.  ,  ^,      .  ,.  ,  ,       , 

tlian    I  p>C<^        ,   which   apparently   immediately   changes   to 

CyH^—Q  OH 
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/Y-acetylsalicylamide,  The  latter  compound  (not  0-acetylsalicyl- 
amide)  is  also  obtained  by  the  direct  action  of  acetyl  chloride  on 
salicylamide  (through  an  intermediate  chloro-derivative,  which  is  sub- 
sequently decomposed  by  water).  This  method  of  formation,  involving 
rearrangement,  is  parallel  to  Gerhardt  and  Chiozza's  synthesis  {loc. 
cit.)  of  the  stable  benzoylsalicylamide. 

When  ^^-acetylsalicylamide  is  benzoylated  at  low  temperatures  by 
benzoic   anhydride    or    benzoyl   chloride    in    pyridine,    it    gives    with 

extreme    ease    an    exceedingly   labile   derivative,    CgH^\Qr> 

(m.  p.  95°),  originally  obtained  by  Titherley  and  Hicks  (Joe.  cit.)  from 
0-benzoylsalicylamide,  and  the  same  compound  is  produced  with 
diificulty  by  the  pyridine  benzoylation  of  0-acetylsalicylamide 
(evidently  rearranged  before  benzoylation).  The  difference  in  the 
ease  of  benzoylation  is  in  conformity  with  the  above  deductions  as  to 
the  constitution  of  the  two  acetylsalicylamides. 

The  constitution  of  the  labile  compound  melting  at  96°  follows  from 
the  above  easy  synthesis,  and  is  confirmed  by  a  method  involving 
treatment  with  cold  concentrated  sulphuric  acid  and  exposure  to 
atmospheric  moisture.  This  process  differentiates  between  0-acyl 
and  iV^-acyl  derivatives,  inasmuch  as  the  former  are  completely 
hydrolysed  and  the  latter  not  affected ;  and  it  has  been  shown,  for 
instance,  that  whilst  phenyl  benzoate  or  acetate  or  salol  are  in  this 
way  hydrolysed,  dibenzamide  and  acetyl benzamide  are  not.  The 
method  has  been  extensively  used  by  the  authors  as  a  means  of 
locating  an  acyl  group.  As  the  compound  m.  p.  96°  on  this  tx'eat- 
ment  yields  only  iY-acetjlsalicylamide  m.  p.  147°,  its  constitution 
as  C-benzoyl-iV-acetylsalicylamide  follows.  When  this  compound  is 
heated,  it  is  converted  into  a  somewhat  more  stable  isomeride  melting 
at  106°,  and  in  many  cases  the  latter  accompanies  the  other  in  its 
synthetic  production  unless  great  care  is  exercised.  The  relations 
between  the  two  isomerides  are  of  a  remarkably  labile  chai-acter  and 
perfectly  reversible.  The  isomeride  m.  p.  106°  is  completely  converted 
into  that  melting  at  96°  by  warming  with  acetic  anhydride.  Each 
can  be  crystallised  unaltered  from  dilute  solution  in  hot  light  petroleum. 
But  if  the  compound  of  m.  p.  96°  is  dissolved  in  an  excess  of  boiling 
light  petroleum  and  cooled  so  as  to  form  a  supersaturated  solution,  the 
isomeride  of  m.  p.  106°  separates  as  opaque,  voluminous,  warty  masses 
on  nucleating  the  solution  with  a  small  portion  of  this  substance. 
Conversely,  from  a  cold  supersaturated  solution  of  the  compound 
m.  p.  106°,  the  isomeride  m.  p.  96°  separates  as  very  long  needles 
on  nucleating  the  solution  with  a  small  quantity  of  the  substance, 
provided  that  the  supersaturation  is  not  too  great.  Under  less  care- 
fully regulated  conditions  of  concentration,   the  compound  m.  p.  96° 
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on  crystallisation  from  hot  light  petroleum  may,  through  partial  or 
complete  rearrangement,  give  rise  to  a  mixture  of  the  two  isomerides 
or  wholly  that  melting  at  106°. 

It  is  evident  that  either  compound  in  light  petroleum  solution  tends 
to  change  slowly  towards  an  equilibrium  mixtui^e,  from  which  it  is 
possible  to  separate  wholly  one  constituent  or  the  other  by  nucleating 
a  supersaturated  solution  of  such  a  concentration  that  the  crystallisa- 
tion is  slow  enough  to  enable  the  disturbed  equilibrium  to  adjust 
itself  continually.  That  these  two  substances  are  not  merely  physical 
isomerides  is  rendered  extremely  probable  by  the  following :  (1)  the 
persistence  of  each  in  crystallising  unchanged  from  hot  dilute  light 
petroleum  solution ;  (2)  the  capacity  of  both  to  crystallise  together 
from  the  same  solution  and  subsequently  to  persist  unchanged  in 
contact  with  the  mother  liquor.  On  the  other  hand,  within  the 
limits  of  experimental  error  the  solubility  of  these  two  substances  in 
light  petroleum  is  apparently  identical,  and  it  is  desirable  that  the 
relations  between  them  should  be  further  studied  from  a  physico- 
chemical  standpoint. 

The  chemical  properties  of  the  two  isomerides,  so  far  as  has  been 
ascertained,  are  identical.  Both  yield  iY-acetylsalicylamide  with  cold 
sulphuric  acid,  and  it  is  quite  evident  that  there  is  no  exchange  of 
acyl  groups,  such  as  Auwers'  theory  would  necessitate,  in  the 
isomerisation.  Neither  compound  gives  a  ferric  chloride  reaction. 
On  the  authors'  hypothesis,  the  relation  between  these  two  isomerides 
is  at  once  intelligible,  the  compound  having  the  higher  m.  p.  being  the 
ring  derivative  : 

CO-NHAc     _^    CO-NAc^  ^  ^O^Hg 


M.  p.  96°.  M.  p.  106 


Owing  to  the  extremely  easy  reversibility  of  the  isomeric  change, 
though  labile  isomerides,  these  two  substances  virtually  form  one 
tautomeric  substance ;  and  had  it  not  been  for  the  very  pronounced 
difference  in  physical  appearance  between  them  it  is  probable  that  the 
more  unstable  isomeride  would  have  escaped  observation. 

When  Gerhardt's  benzoylsalicylamide 


( 


CO-NHBz    _^    CO-NH  CeH.N 


is  acetylated  it  yields  apparently  contradictory  results  : 

(a)  Boiled    with    acetic    anhydride    it    gives     0-benzoyl-iV^-acetyl 

salicylamide  (m.  p.  96°). 

(6)  With  acetyl  chloride  and  pyridine  at  the  ordinary  temperature  it 

gives  a  mixture  of  the  isomerides  melting  at  96°  and  106°  respectively. 
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(c)  With  acetyl  chloride  or  acetic  anhydride  and  pyridine  at  -  15°, 
it  gives  an  85  per  cent,  yield  of  an  acetyl  derivative,  melting  at  124°, 
which  by  its  properties  and  from  the  fact  that  with  concentrated 
sulphuric  acid  it  gives  Gerhardt's  compound  and  acetic  acid,  must  be 
regarded  as  0-acetyl-xV-benzoylsalicylamide, 

r,  XT  ^CO-NHBz 

^e^^^^OAc 
The  contradiction  involved  in  these  results  and  the  fact  that  no  less 
than  three  acetyl  derivatives  may  be  obtained  from  Gerhardt's  com- 
pound is  in  accord  with  its  tautomeric  character.  In  regard  to  (a), 
which  at  first  sight  appears  to  point  to  an  0-benzoyl  formula  for 
the  compound,  it  is  clear  that  during  heating  with  acetic  anhydride 
(as  with  acetic  acid — see  before)  it  undergoes  rearrangement  to  0- 
benzoylsalicylamide,  which  is  then  acetylated  (as  was  shown  by 
Titherley  and  Hicks,  giving  0-benzoyl-iV^-acetylsalicylamide,  m.  p.  96°; 
loc.  cit.).  In  regard  to  (b),  which  also  appears  to  support  an  0-benzoyl 
formula  for  Gerhardt's  compound,  it  has  been  found  that  0-acetyl 
iV-benzoyl  salicylamide  (the  product  of  c)  changes  on  standing  in 
pyridine  to  a  mixture  of  the  isomerides  melting  at  96°  and  106° ; 
hence  the  latter  must  be  regarded  as  indirect  (rearranged)  products  of 
acetylation.  The  substance  obtained  by  method  (c),  0-acetyl-iV-benzoyl 
salicylamide,  must  therefore    be    regarded    as    the   direct   product    of 

acetylation,  which  thus  points  to  the  formula  CI^;H^<^^TT  for 

Gerhardt's  compound.     The  relations  observed  may  be  expressed  in  the 
scheme : 

r  TT  ^CO-NHBz  _  CO-NH^ C-Hj     ^'^'^ticacid  ^CO-NHg 


M.  1).  20S'. 

"'tis 


M.  p.  144°. 

acetic  anhydride 
at  138° 


>' 


M.  p.  124°.  M.  p.  106°.  M.  p.  9(3°. 

The  O-acetyl  derivative,    i  rC>^Kn\     '  °^  ^^®  ^^^^^^  ^^'°^ 

Gerhardt's  compound  could  not  be  isolated. 

The  rearrangement  of  0-acetyl-i\^-benzoyl  salicylamide  (m.  p.  121°) 
mentioned  above  must,  on  the  authors'  hypothesis,  take  place  in  the 
following  manner : 
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,CO-NH-CO'0«H, 


-0-CO-CH 


CO.N(-CO-CeH,V    ^    X'H3 


an, 0^    ^OH 


M.  p.  124°.  Uuknown  unstable  form. 


,C0_^  „  ^CO-OH 


^^^<c.^^<c....c.^      -^    C,H,< 


^OH        ^CO-CgHsj 


,CO-N-CO-CH 

I 


^0-C(OH).CeH, 
Unknown  unstable  form.  M.  p.   L06°. 

All  three  acetyl  derivatives  (m.  p.  respectively  96°,  106°,  and  124°) 
are  rapidly  and  completely  decomposed  by  aqueous  sodium  or 
ammonium  hydroxide,  giving  the  characteristic  yellow  salts  *of 
Gerhardt's  compound.  It  is  obvious  that  the  hydrolysis  is  accompanied 
by  rearrangement  in  at  least  two  of  the  compounds.  The  rearrang- 
ing influence  of  alkali  in  this  group  of  derivatives  is  very  marked,  and 
in  this  respect  it  differs  from  concentrated  sulphuric  acid,  which 
effects  preferential  hydrolysis  of  the  acyl,  whether  acetyl  or  benzoyl, 
attached  to  0.  Alkali  invariably  eliminates  acetyl  whether  attached 
to  0  or  N, 

The  behaviour  of  Gerhardt's  compound  on  benzoylation,  as  on 
acetylation,  depends  on  conditions.  On  wet  benzoylation  or  pyridine 
benzoylation,  as  was  shown  by  Titherley  and  Hicks  (loc.  cit.),   0-iV-di- 

benzoylsalicylamide,  CgH^-^j-.^  (m.  p.  128°),  results.     But  by 

benzoylation  at  —  15°  in  presence  of  pyridine,  in  addition  to  this 
compound  there  is  formed  an  isomeride,  m.  p.  160°,  which  gives  no 
ferric  chloride  reaction  and  is  insoluble  in  caustic  .«oda  and  only  very 
slowly  hydrolysed  by  this  reagent.  On  the  authors'  hypothesis,  this 
isomeride  is  the  0-benzoyl  derivative  of  the  cyclic  form  of  Gerhardt's 

CO'IVIT  P  TT 

compound,     namely,     i  r^^^^rvo  ^-     "^^^^  other  possibility,  that 

GgH,  •  O  Oi>z 

it      is      CgH^^,  ,TT         ">    is    inconsistent    with    its    properties,  and 

the  only   remaining  possibility,   that  it  might  be 

CO-NBz  CgH, 

C^H^-O-^  ^OH    ' 
is  disproved  by  the  fact  that  it  does  not  apparently  allow  itself  to   be 
benzoylated  in  presence  of  pyridine. 

The  relation  between  the  benzoyl  derivatives  which  have  now  been 
isolated  from  salicylamide  as  starting  point  are  presented,  according  to 
the  authors'  view,  in  the  scheme  : 
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C  H  <:r  2     heatmg,  &c.       |  >C<CX  i  r '^     ^^     CfiHa\r>XT 


^OBz ^   C.H^-O"^  -OH 

M.  p.  144 


M.  p.  -208°. 
pyridine  ^  „ 

benzoylation  idine  benzoylationaU.         PJTidi^g  j^^^^ 


wet  or  pyv 


CO-NHBz 
OBz 


M.  p.  128 


M.  p.  188°. 

The  scheme  lacks  the  compounds 

f  \  nxx  ^CO-NBz,        ,  ,;,  CO-NBz.         .CgH^ 
(«)  C,H,<Qjj         2  and  ib)  (!.^H -0>^<0H   ' 

Attempts  to  prepare  these  compounds  have  failed,  and  it  appears 
doubtful  whether  they  are  capable  of  existence  in  a  definite  stable 
form. 

In  reference  to  (a),  ^-iV-dibenzoylsalicylamide,  attempts  were  made 
to  obtain  it  by  the  action  of  cold  sulphuric  acid  on  tribenzoyl 
salicylamide,  thus : 

OA<SBf'''^         ^        C,H,<CO-NB^.^B.OH. 

Tribenzoylsalicylamide,  however,  loses  two  benzoyl  groups  by  this 
treatment,  yielding  Gerhardt's  compound.  There  can  be  no  doubt 
that  the  first  action  of  the  sulphuric  acid  is  to  eliminate  the  0-benzoyl 
group,  and  the  abnormal  separation  of  a  second  benzoyl  group  is  in 
striking  contrast  to  the  complete  stability  of  tribenzamide,  dibenzamide, 
and  acetylbenzamide  towards  concentrated  sulphuric  acid.  The  action 
is  significant  in  pointing  to  a  close  relation  which  manifestly  exists 
between  the  ortho-hydroxy-  and  i\^-benzoyl  groups.     The  open  chain 

compound    CgH4<^p.TT         ^    formed    as    an    intermediate     product, 

.,       ,  ,  ,      .  .       .         CO-NBz^  ^   .C.H, 

evidently  at   once  closes  to  the  isomeric  ring,    X  jj  _  n-^   "\nxi    ' 

which    in    its   turn    opens    and    becomes     O-iV-dibenzoylsalicylamide, 

CgH^<^P^p.  ^,  the  latter  then  undergoing  normal  hydrolysis.     The 

extremely  easy  conversion  of  tribenzoylsalicylamide  into  Gerhardt's 
compound  in  this  manner  is  quite  inexplicable  on  any  other  hypothesis 
(except,  of  course,  that  of  free  wandering  of  benzoyl  group?")  when  it 
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is  remembered  that  this  tribenzoyl  derivative  is  quite  stable  towards 
alkali,  and  that  tribenzamide  resists  even  the  action  of  boiling 
concentrated  sulphui'ic  acid. 

Another  striking  feature  which  displays  the  close  relation  between 
the  ortho-hydroxy-  and  N-a,cy\  positions  is  the  result  of  wet  benzoylation 
of  salicylamide,  which  successively  gives  (1)  the  monobenzoyl  derivative, 
m.  p.  144°;  (2)  Gerhardt's  compound  (by  isomerisation) ;  (3)  the 
dibenzoyl  derivative,  m.  p.  128°,  and  finally,  as  Einhorn  (loc.  cit.)  has 
shown,  (4)  the  tribenzoyl  derivative,  m.  p.  188°.  That  is,  all  three 
available  hydrogen  atoms  of  salicylamide  can  be  substituted  by  benzoyl 
on  wet  benzoylation.  With  benzamide,  on  the  other  hand,  it  is 
impossible  to  introduce  even  one  benzoyl  group  in  this  way,  and  the 
quite  unexpected  result  in  the  case  of  salicylamide  can  only  be 
explained  satisfactorily  by  assuming  that  owing  to  continual  iso- 
merisation  there  is  always  an  OH  group  available  which  is  benzoylated 
on  the  usual  Schotten-Baumann  lines,  thus  : 

Pi  TT  /CO'NHn             ^          n  TT  ^CO'NH,           rearrangement 
^^4\0H  ~^  '"6^4\OBz         ' ^ 

CO'NH^^  ^^CjjHr;     rearrangement      p  tt  ^CO'NHBz 

t)       4 

r,  TT  ^CO-NHBz          rearrangement  ^^'^^^\o^^6^i 

^«^^<OBz ^         C,H-0>^<OH 

rearrangement  n  tt  ^CO'NBZg  ^^  n  ti  ^CO'NB^^ 

1    /,x     CO-NBz^^   .CfiH, 
In    respect    to    the    unknown    compound    {b),     I  r^^C^"    °    "^, 

U^Jl^— (J^  OH 

attempts  were  made  to   obtain  it   by  rearrangement,  on  heating,  of 

0-^-dibenzoylsalicylamide,   but,    although    evidence    of    some    change 

was  indicated  by  Titherley  and  Hicks,  the  authors  have  not  been  able 

definitely  to  isolate  the  ring  isomeride. 

Contrasting  the  rearrangement  tendencies  of  the  three  substances  : 

/I     nrr^CO-NHo      ..^x  n  ti  ^CO'NHAc     /.,.   ^  „  ^CO-NHBz 

(1)  rearranges  to  a  very  stable  ring  derivative  (m.  p.  208°),  tautomeric 
with  the  open  chain  A^-benzoyl  derivative ;  (2)  rearranges  extremely 
easily  to  the  ring  isomeride  (m,  p.  106°),  which,  however,  is  unstable 
and  readily  reverts  back  to  the  original  substance ;  whilst  (3)  on  melt^ 
ing  evidently  rearranges  to  an  equilibrium  mixture  of  the  original 
and  ring  isomeride,  but  the  latter  is  apparently  not  capable  of  isolation 
owing  to  the  extreme  ease  with  which  it  reverts  to  the  original  com- 
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pound.  From  these  observations  it  would  appear  that  an  acyl  group 
attached  to  nitrogen  renders  the  ring  structure  unstable.  Moreover, 
when  no  acyl  group  is  attached  to  nitrogen  the  ring  has  a  tendency 
towards  disruption,  with  formation  of  the  iV-acyl  phenolic  derivative, 
thus  : 

CO-NH  C,H3  CO.NHBz 

whilst  when  an  acyl  group  is  attached  to  nitrogen  there  is  no  tendency 
whatever  to  phenolic  formation,  as  evidenced  by  the  fact  that 

CO-NAc.   ^,   .CgH,  ^    -,  ^  ^CO-NHAc       ,       , 

In  general  iV"-iV-diacyl  salicylamides  appear  to  be  too  unstable  to 
exist. 

The  compound  CgH^^cCQ  * '  ^  shows  a  less  tendency  to  rearrange 

than   does   the  isomeride  CgII^<CQT>  ,   and  the  ring  isomeride 

corresponding  to  the  former,  i        p»C<^        ,  has  not  been  isolated. 

Apparently  such  methyl  hydroxymetoxazone  derivatives  are  less  stable 

than  the  corresponding  phenyl  compounds,  and  this  is  emphasised  in 

the  contrast   between  the   properties  of  the  rearrangement   products 

(m.  p.  147°  and  208°  respectively)  of   0-acetyl-  and  0-benzoylsalicyl- 

amide.     Evidence  has  been  adduced  to  show  that   whilst  the  product 

melting  at  147°  is  a  true  phenol,  that  melting  at  208°  is  not,  and  it  is 

OO'N^TT  OTT 

manifest  that  the  intermediate  ring  form,   i  r^^'^mrj^'  derived 

^H^— O  OH 

from  0-acetylsalicylamide,  is  very  unstable  and  at  once  rearranges  to 

i\r-acetylsalicylamide. 

Similarly,  the  compound  CgH4<^^  .  ,  on  rearrangement  with 

pyridine,  owing  to  the  instability  of  the  intermediate  methyl  hydroxy- 
metoxazone, gives  the  mixture  of  isomerides  melting  at  96°  and  106° 
according  to  the  mechanism  given  on  p.  1326,  a  transformation  which 
virtually  amounts  to  a  complete  exchange  of  acyl  groups. 
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Summary  of  Conclusions. 

(1)  0-Acyl   salicylamides,  Q^^^<^q^^q^^,  are  unstable  and  show  a 

tendency  to  rearrange,  giving  a  cyclic  derivative,   i  ^^<C 

which  may  further  rearrange  to  the  iV^-acyl  salicylamides, 
n  u  ^CO-NH-COR 

(2)  iV-Acyl    salicylamides,    Q^^<C^q^  ,  are  also  more  or 

less  unstable  and  show  a  tendency  to  rearrange  forming  the  same  ring 

^    .     ^.      CO-NH^^    .R         ,  .  ^  .     .^    ^ 

derivative,  i        _fC>^^f\Ti  >  "^liich  in  its  turn  may  open  out  giving 

the  0-acyl  salicylamides. 

The  stability  of  the  intermediate  ring  form  is  less  when  R  =  methyl 
than  when  R  =  phenyl,  and  is  less  when  the  residual  hydrogen  of  the 
nitrogen  atom  is  replaced  by  an  acyl  gi-oup. 

(3)  Owing  to  the  reversibility  of  these  isomeric  changes,  acyl  salicyl- 
amides in  general  are  more  or  less  labile  substances  and  may  undergo 
change  on  heating  or  dissolving  in  ionising  solvents  and  sometimes 
even  in  non-ionising  solvents  like  benzene  and  light  petroleum.  Among 
benzoyl  derivatives,  heating  with  glacial  acetic  acid  favours  the  open 
chain  formula  with  the  benzoyl  group  attached  to  oxygen.  Alkaline 
media  also  favour  the  open  chain  formula,  but  with  the  benzoyl  group 
attached  to  nitrogen  (and  if  a  second  acyl  group  is  present  it  is 
eliminated).  The  phenomena  are  grouped  under  the  title  "  metoxazone 
tautomerism." 

(5)  The  possibility  of  individual  existence  of  an  iV-acyl  salicylamide, 

CgH^^j^TT  ,  appears  to  depend  on  the  nature  of  the  acyl  group. 

Thus,  whilst  i\^-acetylsalicylamide  is  stable,  iV-benzoylsalicylamide 
apparently  exists  only  in  the  form  of  salts  and  derivatives,  the  free 
substance  being  tautomeric  and  behaving  substantially  as  the  cyclic 

derivative,  ^^^^_^>C<^^^  ^ 

(6)  iV^-#-Diacyl  salicylamides,  Q^^<^.yyr    ^  ''^,  are  apparently 

too  unstable  to  exist,  the  tendency  to  rearrange  being  so  great  as  to 

•      ,     .       .       CO-N(CO-R)^^    .R  ,.,    .     ., 

lead  to  the  isomeric  derivative,   '  rC^^^r\u^  which  in  its 

CgH^  O  OH 

,      ,  ,    .    ^  „  /CO-NH-CO-R 

turn  may  rearrange  to  the  open  chain  OgH^\p.^p^  t^ 
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Experimental. 

Preparation  of  0-  Benzoyhalicylaviide. 

In  addition  to  the  method  described  by  Titherley  and  Hicks  (loc.  cit), 
this  compound  may  be  prepared  (a)  by  low  temperature  pyridine- 
benzoylation  of  salicylaiuide,  (b)  by  rearrangement  of  Gerhardt's 
benzoylsalicylamide  by  boiling  with  acetic  acid. 

(a)  Salicylamide  (139  grams)  was  dissolved  in  pyridine  (280  grams) 
and  cooled  to  -  15°,  and  benzoyl  chloride  (140  grams)  was  added  drop  by 
drop  with  constant  stirring ;  the  addition  of  the  benzoyl  chloride 
occupied  about  three  hours,  and  the  mixture  was  then  left  for  an  hour 
at  - 15°.  Dry  ether  (about  500  c.c.)  was  added  and  the  whole 
agitated,  by  which  means  excess  of  pyridine  was  removed,  leaving  a 
semi-oily  deposit  of  pyridine  hydrochloride  and  o-benzoylsalicylamide. 
The  ethereal  solution  was  decanted  and  the  residue  treated  with  dilute 
sulphuric  acid  at  0°.  The  mass,  which  became  granular,  was  stirred 
for  five  minutes,  filtered,  washed  with  water,  and  pressed.  The 
product  was  nearly  pure,  and  was  recrystallised  from  toluene.  A 
further  quantity  was  recovered  from  the  ethereal  pyridine  extract  by 
shaking  with  dilute  sulphuric  acid.  The  yield  was  89  per  cent  of  the 
calculated  amount  as  compared  with  Titherley  and  Hicks'  40  per  cent, 
by  the  wet  method. 

(b)  One  gram  of  Gerhardt's  benzoylsalicylamide  vvas  boiled  for  four 
hours  with  10  grams  of  glacial  acetic  acid  ;  0"3  gram  unchanged  sub- 
stance separated  on  cooling  and  was  filtered  olf.  The  filtrate,  on 
diluting  with  water,  yielded  0"5  gram  of  neai'ly  pure  O-benzoylsalicyl- 
amide melting  at  141° ;  after  reci'ystallising  from  benzene  it  melted  at 
143°  and  solidified  in  the  tube  in  the  course  of  about  thirty  seconds. 

Preparation  of  Gerhardt's  Benzoylsalicylamide, 
P  „  ^CO'NH-CO'C.H,     _^     CO-NH  C,H, 

The  authors  have  found  that  the  best  method  of  preparing  this  com- 
pound consists  in  boiling  finely-powdered  O-benzoylsalicylamide  with 
fifty  times  its  weight  of  water  for  fifteen  minutes  (compare  Titherley 
and  Hicks,  loc.  cit.).  The  product  is  nearly  pure,  and,  without  recrys- 
tallising,  melts  at  201°.  The  original  method  of  Gerhardtand  Chiozza 
gives  only  a  60  per  cent,  yield  of  an  impure  product  diflicult  to  re- 
orystallise  (compare  Einhorn  and  Schupp,  loc.  cit.),  whilst  the  other 
methods  were  found  less  convenient. 

Decomposition  with  Ammonia. — One  gram  of  Gerhardt's  compound 
[was  heated  with  20  c.c.  of  dilute  .ammonia  in  a  sealed  tube  at  120°  for  an 

VOL.    LXXXIX.  4   T 
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hour ;  the  yellow  colour  had  then  disappeared.  The  solution  was  con- 
centrated to  abovit  half  its  bulk,  filtered  from  a  small  quantity  of 
salicylamide,  which  separated,  and  the  filtrate  was  acidified ;  needles 
separated  which  melted,  after  recrystallising  from  water,  at  108°.  The 
product  thus  obtained  was  found  to  be  a  double  compound  of  benzoic 
acid  and  salicylamide,  and  the  same  substance  can  be  easily  prepared 
by  dissolving  equimolecular  proportions  of  its  constituents  in  a  large 
quantity  of  hot  water.  On  cooling,  it  crystallises  in  long  needles  melt- 
ing at  108 — 109°.  It  dissolves  easily  in  dilute  caustic  soda  ;  salicyl- 
amide is  precipitated  from  the  solution  by  saturating  with  carbon 
dioxide,  whilst  the  filtrate  yields  benzoic  acid  on  acidifying  with  dilute 
hydrochloric  acid.  Similar  double  compounds  of  benzamide  with 
organic  acids  have  been  described  by  one  of  the  authors  (Titherley, 
loc.  cit,  and  Trans.,  1904,  85,  1673). 

0-Methyl-^-henzoylsalicylamide,     ^qB.^<Cp^^^jt  ^    ^,    was   ob- 

tained (a)  by  treating  the  silver  salt  of  Gerhardt's  benzoylsalicylamide 
with  methyl  iodide,  (6)  by  benzoylation  of  (9-methylsalicylamide. 

(a)  10*5  grams  of  the  silver  salt  (Limpricht,  Annalen,  1856,  99,  249) 
were  treated  with  4*5  grams  of  methyl  iodide  in  dry  benzene  solution 
and  left  for  two  days.  The  yellow  silver  salt  disappeared  and  a 
mixture  of  silver  iodide  and  6>-methyl-i\^-benzoylsalicylamide  separated. 
The  solid  was  separated  and  washed  with  benzene  ;  a  small  quantity  of 
0-methyl-i\^-benzoylsalicy]amide  was  precipitated  from  the  benzene 
filtrate  by  adding  light  petroleum  ;  the  remainder  was  extracted  from 
the  silver  iodide  by  hot  alcohol,  from  which  it  crystallised  on 
cooling. 

0-2668  gave  13-6  c.c.  nitrogen  at  18°  and  756  mm.     N  =  5-85. 
Cj5Hj303]S'  requires  N  =  5*49  per  cent. 

{h)  (9-Methyhalicylamide,  required  for  this  synthesis,  was  described 
by  Grimaux  (i?M^?.  Soc.  chim.,  1895,  13,  26)  and  by  Pinnow  [Ber.,  1895, 
28,  158).  It  is  best  obtained  by  an  application  of  the  potassium  alkyl 
sulphate  method  (compare  Titherley,  Trans.,  1901,  79,  399)  as  follows: 
13"7  grams  of  salicylamide  and  15  grams  of  potassium  methyl  sulphate 
were  added  to  a  solution  of  2-3  grams  of  sodium  in  the  necessary 
amount  of  methyl  alcohol.  The  methyl  alcohol  was  evaporated  and 
the  residue  was  heated  at  170°  for  fifteen  minutes.  When  cold  the 
solid  mass  was  powdered  and  extracted  with  cold  water.  The  insoluble 
solid  was  nearly  pure  0-methylsalicylamide ;  it  was  extracted  with 
cold  dilute  caustic  soda  to  remove  salicylamide  and  subsequently  re- 
crystallised  from  water ;  the  yield  was  75  per  cent,  of  the  calculated. 

Pyridine-benzoylation  is  not  easily  applicable  to  0-methylsalicyl- 
amide ;  the  benzoyl  derivative  was  prepared  by  the  ester-sodiumacyl- 


AMONG   ACYL   DERIVATIVES   OF   SALICVLAMtDE.  1333 

amide  method  (Titherley,  Trans.,  1904,  85,  1674).  A  mixture  of 
15  grams  of  O-metbylsalicylamide  and  0"4  gram  of  finely-powdered 
sodamide,  moistened  with  benzene,  was  heated  at  120  — 130°  for  two 
hours.  The  resulting  sodium  derivative  was  then  moistened  with 
pyridine  and  a  saturated  pyridine  solution  of  2  grams  of  phenol 
benzoate  was  added  gradually,  the  mixture  being  frequently  stirred 
and  then  left  for  twelve  hours.  The  resulting  mass  was  treated  with 
dilute  sulphuric  acid,  when  an  oily  product  separated,  and  this 
solidified  on  i-emoving  traces  of  benzene  by  a  curient  of  air.  The 
solid,  consisting  of  unchanged  material  and  the  benzoyl  derivative, 
was  digested  with  cold  dilute  caustic  soda  (in  which  the  latter  only  is 
soluble)  and  quickly  filtered  into  dilute  hydrochloric  acid.  0-Methyl- 
i\^-benzoylsalicylamide  separated  and  was  recrystallised  from  alcohol, 
from  which  it  was  obtained  in  white,  glistening  needles. 

Prepared  by  either  of  the  above  methods  O-methyl-j^'^-benzoyl- 
salicylamide  melts  at  144 — 145°;  it  is  sparingly  soluble  in  ether, 
moderately  so  in  cold  alcohol  or  benzene,  and  readily  soluble  in  chloro- 
form, hot  alcohol,  or  benzene.  Although  dissolving  unchanged  in 
cold  dilute  caustic  soda,  it  is  slowly  hydrolysed  on  standing  and  the 
alkaline  solution  deposits  benzamide,  whilst  0-methylsalicylic  acid 
(m.  p.  98°)  may  be  precipitated  from  the  filtx'ate  by  cold  dilute 
hydrochloric  acid. 

OO'NTT 

0-Acetylsalicylamide,      ^&^i'^r\.nr\.n\i   >  ^^^  obtained  (a)  by  the 

action  of  ammonia  gas  on  0-acetylsalicyl  chloride,  (6)  by  low  tempera- 
ture pyridine-acetylation  of  salicylamide. 

(a)  The  0-acetylsalicylchloride  I'equired  was  prepared  by  warming 
0-acetylsalicylic  acid  with  thionyl  chloride  ;  on  removing  excess  of  the 
latter  in  a  vacuum,  the  chloride  remained  as  an  oil.  A  solution  of  9  5 
grams  of  the  chloride  in  absolute  ether  was  saturated  with  dry 
ammonia  gas.  The  precipitate,  consisting  of  ammonium  chloride  and 
0-acetylsalicylamide,  was  separated,  the  ammonium  chloride  was 
removed  by  washing  with  water,  and  the  acetylsalicylamide,  after 
pressing  on  a  porous  plate,  was  recrystallised  from  ethyl  acetate. 
Seventy  per  cent,  of  the  theoretical  yield  was  obtained. 

{h)  A  solution  of  13"7  grams  of  salicylamide  in  27  grams  of  pyridine, 
kept  at  —  15°,  was  treated  with  7*9  grams  of  acetyl  chloride,  added  drop 
by  drop  and  with  constant  stirring  ;  the  mixture  was  left  for  thirty 
minutes  at  —  15°  and  then  stirred  with  100  c.c.  of  ether.  The  ethereal 
solution  was  decanted,  the  semi-solid  residue  (Avhich  contains  nearly 
all  the  acetylsalicylamide)  stirred  with  dilute  sulphuric  acid  at  0°,  and 
the  resulting  granular  mass  was  filtered,  washed  with  water,  and 
pressed  on  a  porous  plate.  The  product  was  almost  pure  and 
amounted  to  81  per  cent,  of  the  calculated  yield. 

4  T  2 
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0-1449  gave  lO'l  c.c.  nitrogen  at  22°  and  756  mm.     N  =  7-85. 
CjjHgOgN  requires  1?^  =  7'83  per  cent. 

0-Acetylsalicylamide,  obtained  by  either  of  the  above  methods, 
melts  at  138°  and  gives  no  ferric  chloride  reaction.  It  is  sparingly 
soluble  in  ether,  cold  alcohol,  or  benzene,  and  easily  so  in  hot 
alcohol  with  partial  decomposition.  It  may  be  recrystallised  from 
benzene  or  ethyl  acetate  and  separates  from  the  latter  as  trans- 
parent, prismatic  crystals.  It  dissolves  slowly  in  dilute  ammonia, 
rapidly  in  dilute  caustic  soda,  in  each  case  with  development 
of  a  slight  yellow  colour ;  on  acidifying  the  ammoniacal  solution, 
iV^-acetylsalicylamide  (m.  p.  148°)  is  precipitated;  the  caustic  soda 
solution,  however,  rapidly  loses  its  yellow  colour,  the  acetylsalicyl- 
amide  being  almost  immediately  hydrolysed,  giving  salicylamide  and 
acetic  acid.  0-Acetylsalicylamide  is  also  rearranged  to  ^-acetyl salicyl- 
amide on  melting  or  by  allowing  it  to  stand  in  pyridine  solution  for  a 
few  hours.  Cold  concentrated  sulphuric  acid  decomposes  it  im- 
mediately into  acetic  acid  and  salicylamide. 

IS-Acetylsalicylamide,    CgH^\^TT  ^■ 

In  addition  to  its  formation  from  0-acetylsalicylamide  under  the 
conditions  given  above,  iV-acetylsalicylamide  was  obtained  by  dixect 
action  of  acetyl  chloride  on  salicylamide.  13  7  grams  of  salicylamide 
were  heated  in  a  reflux  apparatus  with  23*5  grams  of  acetyl  chloride  in 
a  bath  at  60°  until  the  evolution  of  hydrogen  chloride  ceased.  In  this 
process,  a  chloro-derivative  of  acetylsalicylamide  is  formed  (see  below), 
and  this  is  deposited  as  a  white  solid  in  the  flask.  The  excess  of 
acetyl  chloride  was  drained  off  at  the  pump,  the  solid  washed  with 
light  petroleum  and  dried  in  a  vacuum.  The  chloro  derivative  was 
converted  into  iV-acet}  Isalicylamide  by  simple  decomposition  with  cold 
water,  and  after  thorough  washing  it  was  dried  and  recrystallised  from 
benzene.     The  yield  was  85  per  cent,  of  the  calculated. 

0-1044  gave  7*2  c.c.  nitrogen  at  20°  and  751  mm.     N  =  7-80. 
CgHgOgN  requires  N  =  7-83  per  cent. 

The  cryoscopic  determination  of  the  molecular  weight  of  #-acetyl- 
salicylamide  in  both  ethylene  dibromide  and  glacial  acetic  acid  gave 
results  which  varied  both  with  concentration  and  the  solvent.  The 
extreme  values  obtained  were  M.W.  =  133  and  204  ;  CgllgOaN  requires 
M.W.  =  179.  These  abnormal  results  are  consistent  with  the  observa- 
tions of  Auwers  and  others  on  compounds  containing  a  phenolic 
hydroxyl, 

iV- Acetylsalicylamide  melts  at  148°.     It  is  sparingly  soluble  in  ether 
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jr  cold  benzene,  moderately  so  in  cold  alcohol,  and  dissolves  easily  in 
act  alcohol,  benzene,  or  chloroform ;  it  is  best  recrystallised  from  benzene. 
With  ethereal  or  alcoholic  ferric  chloride  its  solutions  give  an  intense 
[•eddish-violet  coloration.  It  dissolves  in  dilute  aqueous  ammonia 
with  a  pale  yellow  colour  and  is  reprecipitated  unchanged  on  acidifying  ; 
if  left  for  twelve  hours  in  ammoniacal  solution,  it  is  decomposed  into 
salicylamiile  and  acetamide.  With  dilute  caustic  soda,  a  sparingly 
soluble,  pale  yellow  sodium  salt  first  separates,  but  rapidly  dissolves 
md  undergoes  hydrolytic  decomposition.  iV^-Acetylsalicylamide  is  not 
affected  by  cold  strong  sulphuric  acid. 

On  treatment  with  hydrogen  chloride,  iV-acetylsalicylamide  forms 
a,  c/i^oro-derivative,  CfiHgOgNCl,  the  constitution  of  which  has  not  yet 
been  established.  This  compound  is  identical  with  that  obtained 
directly  by  the  action  of  acetyl  chloride  on  salicylamide  (see  above), 
and  was  prepared  as  follows  :  2  grams  of  iV-acetylsalicylamide, 
dissolved  and  suspended  in  about  30  c.c.  of  chemically  pure  acetone, 
were  treated  with  dry  hydrogen  chloride.  The  mixture  became  warm 
and  clear,  and  then  deposited  the  chloro-derivative  as  a  white,  crystal- 
line powder,  which  was  separated,  washed  thoroughly  with  absolute 
ether,  and  dried  in  a  vacuum.  It  softens  and  decomposes  at  about 
170°. 

0-1263  gave  0-0911  AgCl.     01  =  17-84. 
0-1896     „     0-1354  AgCl.     01  =  17-66. 

C9H8O2NOI  requires  01  =  1772  per  cent. 

When  aqueous  silver  nitrate  is  added  to  an  ammoniacal  solution  of 
JV-acetylsalicylamide,  a  very  pale  yellow  silver  salt  is  precipitated, 
which  contains  1  atom  of  silver  to  2  molecules  of  acetylsalicylamide. 

0  2574  gave  0-0596  Ag.     Ag  =  23-16. 
0-1997     „     0-0465  Ag.     Ag  =  23-22. 

O^gH^^OgN^Ag  requires  Ag  =  23-28  per  cent. 

The  silver  salt  decomposes  at  1 40°  ;  it  is  spai'ingly  soluble  in  cold 
water  or  alcohol,  but  dissolves  easily  on  heating, 

00-NH-CO-CH 


0- Benzoyl-'^ -acetylsalicylamide,  ^e^i^n-ro-P  IT 
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This  compound  was  prepared  and  described  by  Titherley  and  Hicks 
{loc.  cit.),  who  obtriiued  it  by  boiling  0-benzoylsalicylamide  with 
acetic  anhydride.  The  authors  have  found  thut  it  can  be  obtained  in 
an  exactly  similar  manner  by  boiling  Gerhardt's  benzoylsalicylamido 
with  acetic  anhydride.  It  has  also  been  obtained  by  the  following 
methods  : 
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(a)  Pyridine-benzoylation  of  iV-acetylsalicylamide  at  - 15°  :  the 
most  convenient  method  of  preparation. 

(b)  Pyridine-benzoylation  of  0-acetylsalicylamide  at  -15°;  this 
process,  depending  on  the  slow  rearrangement  of  the  latter,  gives  only 
a  small  yield. 

(c)  Pyridine-acetylation  of  Gerhardt's  benzoylsalicylamide  at  0°  by 
means  of  acetyl  chloride. 

(d)  Rearrangement  of  its  isomeride,  m.  p.  124°  (0-acetyl-i\r-benzoyl- 
salicylamide),  by  standing  for  twelve  hours  in  pyridine  solution. 

(e)  Rearrangement  of  its  isomeride,  m.  p.  106°  (iV-acetyl-2  :  2- 
phenylhydroxybenzometoxazone),  either  by  evaporating  with  acetic 
anhydride  and  crystallising  from  benzene  and  light  petroleum,  or  by 
nucleating  a  dilute  supersaturated  light  petroleum  solution  of  the 
isomeride  with  a  few  needles  of  0-benzoyl-iV-acetylsalicylamide. 

Details  only  need  be  given  of  the  preparation  by  one  of  these 
methods,  namely  (a)  :  A  solution  of  17"9  grams  of  iV-acetylsalicylamide 
in  35  grams  of  pyridine,  kept  at  —  15°,  WiS  treated  gradually  with 
14  grams  of  benzoyl  chloride  with  constant  stirring;  after  standing 
thirty  minutes  at  —15°,  the  pyridine  mixture  was  agitated  with  about 
100  c.c.  of  benzene.  The  benzene  solution,  containing  pyridine  hydro- 
chloride in  suspension,  was  shaken  with  dilute  hydrochloric  acid, 
washed  with  water,  and  dried  with  calcium  chloride ;  on  mixing  with 
an  equal  volume  of  light  petroleum,  (9-benziyl-iV-acetylsalicylamide 
slowly  separated  in  large,  transparent,  prismatic  crystals.  The^e  were 
filtered  and  washed  with  light  petroleum.  They  weighed  28  grams, 
but  contained  1  molecule  of  benzene  of  crystallisation  to  2  molecules 
of  the  salicylamide  derivative.  These  crystals,  which  melt  at  94°, 
slowly  lose  benzene  on  standing  at  the  ordinary  temperature  (rapidly 
at  80°),  but  at  the  same  time  they  become  opaque  and  are  converted 
into  the  isomeric  iV-acetyl-2  :  2-phenylhydroxybenzometoxazone  (m.  p. 
106°). 

0-3500  lost  00429  at  80°.     CgHe  =  12-26. 

(C^(.Hj304N2)2,CyHg  requires  CgHg=  12-11  per  cent. 

To  obtain  O-benzoyl-iV-acetylsalicylamide  free  from  benzene,  the 
crystals  were  dissolved  in  boiling  light  petroleum,  in  which  they  are 
only  sparingly  soluble  ;  2  grams  of  the  crystals  required  1  litre  of 
light  petroleum  (b.  p.  70—120°),  and  the  solution  on  cooling  deposited 
0-benzoyl-xV-acetyl salicylamide  as  a  mass  of  transparent,  silky,  brittle 
needles,  about  2  inches  long,  melting  at  96-5°. 


01879  gave  8-7  c.c.  nitrogen  at  23°  and  766  mm.     N  =  5-26. 
0-2194  in  57-63  ethylene  dibromide  gave  A«    -0-16°.    M.W.  =  281 
CieHjgO^N  requires  N  =  4-94  per  cent,  and  M.W.  =  283. 


IJ 
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A  solubility  determination  gave  the  following  :  one  litre  solution 
in  light  petroleum,  b.  p.  43 — 50°,  saturated  at  25°,  contained  0'450 
grams. 

The  following  may  be  added  to  the  description  of  6>-benzoyl-iV^-acetyl- 
salicylamide  given  by  Titherley  and  Hicks.  On  melting,  it  changes 
partially  into  the  isomeric  iV'"-acetyl-2  : 2-phenylhydroxybenzometoxazone 
(ra.  p,  106°),  and  the  change  is  practically  complete  if  the  liquid  be 
kept  at  about  90°  for  a  few  minutes.  The  product  slowly  solidifies,  and 
now  melts  at  104 — 105°.  The  long  needles  melting  at  9 6 '5°  dissolve 
readily  in  benzene,  and  the  saturated  solution  on  standing  a  few 
minutes  deposits  the  benzene-containing  prismatic  crystals,  0  Benzoyl- 
lY-acetylsalicylamide  dissolves  in  strong  sulphuric  acid  with  rapid 
hydrolysis,  yielding  benzoic  acid  and  iT-acetylsalicylamide.  It  is  also 
rapidly  hydrolysed  by  aqueous  sodium  or  ammonium  hydroxide,  yield- 
ing acetic  acid  and  Gerhardt's  benzoylsalicylamide. 

'S-Acetyl-^  :  2-phenylhydroxyhenzomeloxazone, 

^s^^^o— c(oh)-C6h; 

was  obtained  from  0-benzoyl-xY-acetylsalicylamide  {a)  by  heating 
it,  or  the  crystalline  form  containing  benzene,  at  80°  for  several 
hours,  (6)  by  dissolving  it  in  boiling  light  petroleum  and  nucleat- 
ing the  solution  with  a  trace  of  the  metoxazone  derivative.  It 
is  best  prepared  by  the  former  method,  the  second  method 
frequently  giving  rise  to  mixtures  of  the  isomerides  owing  to  in- 
complete rearrangement. 

0-2353  gave  10-2  c.c.  nitrogen  at  21°  and  761  mm.     N  =  4-94. 
0-1991  in  57-89  ethylene  dibromide  gave  A<  -0-145°.    M.W.  =  280. 
Cj^H^gO^N  requires  IST  =  4-94  per  cent,  and  M.W.  =  283. 

A  solubility  determination  gave  the  following  :  one  litre  solution  in 
light  petroleum,  b.  p.  40 — 50°,  saturated  at  25°,  contained  0  432 
grams  (compare  solubility  of  its  isomeride). 

The  substance  melts  at  106°.  It  is  moderately  soluble  in  cold 
alcohol,  benzene,  or  ether ;  it  is  easily  soluble  in  hot  alcohol  or  benzene 
and  very  readily  so  in  chloroform.  It  ciystallises  from  light  petroleum 
in  characteristic  opaque,  voluminous  tufts.  When  a  hot  benzene 
solution  of  the  metoxazone  is  allowed  to  cool,  0-benzoyl-iV-acetyl- 
salicylamide  crystallises  in  transparent,  prismatic  crystals  containing 
benzene  of  crystallisation  (see  above).  The  metoxazone  derivative 
gives  no  ferric  chloride  reaction,  and  all  the  chemical  properties  which 
have  been  examined  are  identical  with  those  of  0-benzoyl-iV-acetyl 
salicylamide,  and  it  is  clear  that  it  undergoes  rearrangement  to  this 
compound  with  extreme  ease. 
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0-Acetyl-l^-henzoylsalicylamide,  C^6^4'*^0'rO«PTT        **    ^' 

1"2  grams  of  Gerhardt's  benzoylsalicylamide  suspended  and  dissolved 
in  3  grams  of  pyridine  was  treated  gradually  with  acetic  anhydride  at 
0°  until  the  solution  was  nearly  clear.  Ether  was  added,  the  resulting 
solution  was  filtered,  and  then  extracted  with  dilute  sulphuric  acid  to 
remove  pyridine;  during  this  operation,  the  acetyl  derivative  crystallised 
from  the  ethereal  solution.  It  was  filtered,  and  a  further  quantity 
was  obtained  by  adding  light  petroleum  to  the  ethereal  filtrate.  The 
product  was  purified  by  dissolving  in  acetone  and  precipitating  with 
light  petroleum;  it  melted  at  124°  and  the  yield  was  85  per  cent,  of 
the  theoretical. 

0-1862  gave  83  c.c.  nitrogen  at  18°  and  750  mm.     N  =  5-09. 
CjgH^gO^N  requires  N  =  4'94  per  cent. 

0-Acetyl-iV^-benzoylsalicylamide  (m.  p.  124°)  is  very  sparingly 
soluble  in  ether  or  light  petx'oleum,  easily  so  in  alcohol,  acetone,  chloro- 
form, or  hot  benzene ;  from  a  mixture  of  acetone  and  light  petroleum 
it  crystallises  in  transparent,  prismatic  needles.  It  dissolves  rapidly, 
with  decomposition  in  aqueous  ammonia  or  sodium  hydrate,  yielding 
a  yellow  solution  from  which  Gerhardt's  benzoylsalicylamide  is 
precipitated  on  acidifying.  It  is  soluble  in  cold  strong  sulphuric 
acid,  with  hydrolysis,  yielding  Gerhardt's  compound  and  acetic  acid. 

When  left  for  twelve  hours  in  pyridine  solution,  this  substance  is  com- 
pletely converted  into  0-benzoyl-iV^-acetylsalicylamide,  which  was 
precipitated  by  adding  excess  of  dilute  sulphuric  acid  to  the  pyridine 
solution ;  the  solid  after  being  washed  was  recrystallised  from  light 
petroleum,  when  it  melted  at  96 •5°. 

rjQ.'vrxT  p  XT 

2  :  2-Phenyl-O-henzoylhydroxyhenzometoxazone,   '        _r^^'^rvr>  ^' 

UgU^  U  (JJjZ 

Titherley  and  Hicks  have  shown  {loc.  cit.)  that  pyridine-benzoylation 
of  Gerhardt's  benzoylsalicylamide  yields  di  benzoylsalicylamide, 
BzO-CgH^-CO-NH'Bz  (m.  p.  128°);  Einhorn  and  Schupp  (Joe.  cit.) 
prepared  the  same  compound  by  pyridine-benzoylation  of  salicylamide, 
using  excess  of  benzoyl  chloride. 

When  Gerhardt's  benzoylsalicylamide  is  treated  with  benzoyl 
chloride  in  pyridine  solution  at  -  15°,  two  isomeric  compounds  result : 
(1)  dibenzoylsalicylamide,  m.  p.  128°;  (2)  the  above  compound,  m.  p. 
160° 

Twelve  grams  of  Gerhardt's  benzoylsalicylamide,  suspended  and 
dissolved  in  30  grams  of  pyridine,  were  treated  gradually  with  7  grams 
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of  benzoyl  chloride  at  —15°.  The  mass  was  left  for  two  hours  at 
-  15°  and  then  stiri-ed  with  absolute  ether.  The  ethereal  solution 
was  decanted  and  extracted  with  dilute  sulphuric  acid,  when  a  solid 
(A)  separated,  which  was  filtered  and  dried ;  the  semi-oily  mass 
remaining  in  the  flask  was  stirred  with  dilute  sulphuric  acid ;  it 
solidified,  and  the  granular  solid  (B)  was  filtered  and  dried.  A  and  B 
together  weighed  18  5  grams;  they  were  united  and  dissolved  in 
billing  alcohol;  on  allowing  to  cool,  needles  separated,  weighing 
32  grams  and  melting  at  140 — 150°,  whilst  dibenzoylsalicylamide, 
m.  p.  128"^,  separated  from  the  mother  liquor  on  standing.  The 
product,  melting  at  140 — ^150°,  on  recrystallising  from  alcohol  melted 
sharply  at  160°. 

0-2054  gave  78  c.c.  nitrogen  at  23°  and  766  mm.     N  =  4-31. 
C21HJ5O4N  requires  N  =  406  per  cent. 

2  :  2-Phenyl-O-benzoylhydroxybenzometoxazone  is  sparingly  soluble 
in  alcohol,  ether,  or  benzene,  and  moderately  so  in  chloroform.  It  is 
very  slowly  decomposed  by  aqueous  ammonia,  yielding  a  yellow 
solution ;  it  dissolves  slowly  in  cold  dilute  sodium  hydrate,  rapidly  on 
warming,  giving  benzoic  acid  and  Gerhardt's  benzoylsalicylamide. 
Cold  strong  sulphuric  acid  hydrolyses  it  to  benzoic  acid  and  Gei^hardt's 
compound. 

When  subjected  to  pyridine-benzoylation,  this  compound  was  either 
recovered  unchanged  or  decomposed,  giving  red  resinous  matter, 
according  to  the  conditions  of  the  experiment,  and  a  benzoyl  derivative 
has  not  yet  been  isolated. 

Organic  Laboratory, 

University  of  Liverpool. 


CXXXIII. — Some  New  Derivatives  of  DiGjoXopentadiene. 

By  Alexander  Rule,  M.Sc,  Ph.D. 

In  discussing  the  constitution  of  dicyc^opentadiene,  Kraemer  and 
Spilker  {Ber.,  1896,  29,  552)  described  the  nitrosochloride  and  the 
nitroso-compound.  Several  new  derivatives  of  this  hydrocarbon  have 
recently  been  obtained  by  Wieland  {Ber.,  1906,  39,  1492),  and  it  is 
therefore  necessary  to  publish  an  account  of  some  work  done  in  the 
same  field  of  research. 

The  compounds   which   are  described  in  tliis  paper   were  obtained 
during  the  years  1903-1904  in  the  laboratory  of  Prof.  Knorr,  at  Jena, 
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and  the  work  was  carried  out  ia  conjunction  with  Prof.  P.  Duden.  The 
author  proposes  to  publish  in  a  later  paper  an  account  of  the  action  of 
nitrous  gases  on  dic?/cZopentadiene,  but  by  arrangement  with  Dr. 
Wieland,  who  is  now  eng;iged  in  research  in  the  same  direction,  the 
publication  is,  for  the  present,  postponed. 

Nitrosohalogen  Derivatives  of  Mono-  and  Di-cy clopentadiene. 

The  preparation  of  the  niti'osochloride  has  already  been  described  by 
Kr.iemer  and  Spilker  {Ber.,  1896,  29,  552). 
DicyclopeiUadienenitrosobromide, 

is  obtained  by  treating  a  well-cooled,  equimolecular  mixture  of  dici/clo- 
pentadiene  and  amyl  nitrite  in  acetic  acid  solution  with  a  50  per  cent, 
solution  of  hydrogen  bromide.  The  solution  becomes  intensely  green, 
and  after  standing  a  short  time  a  mass  of  crystals  separates  out.  The 
substance  is  fairly  soluble  in  hot  benzene  or  chloroform,  but  sparingly 
so  in  other  solvents.  It  can  be  recrystallised  from  chloroform,  and 
when  heated  decomposes  at  157°. 

0-2203  gave  104  c.c.  moist  nitrogen  at  14-5°  and  752  mm.    N  =  5-48. 
^20^24^2-^2-^^2  requires  N  =  578  per  cent. 

Dibrotnide  of  Dicjclopentadiene  Nitrosohromide. — The  nitrosobromide 
still  contains  an  active  double  bond,  as  shown  by  its  behaviour  towards 
bromine.  If  a  chloroform  solution  of  the  nitrosobromide  is  treated 
with  excess  of  bromine  and  allowed  to  stand,  or  warmed  on  the  water- 
bath,  a  crystalline  bromo-addition  product  separates  which  is  sparingly 
soluble  in  most  organic  solvents. 

When  recrystallised  from  amyl  alcohol  it  is  obtained  in  small  plates 
meltirg  at  211°. 

0-1184  gave  0-1648  AgBr.     Br  =  59  22. 

0-1909      „     5-6  c.c.  moist  nitrogen  at  14°  and  736  mm.     ]Sr  =  3-34. 
C2oH2402N2Br^  requires  Br  =  59-70;  N  =  3-48  per  cent. 

For  the  sake  of  comparison  with  the  nitrosohalogen  derivatives  of 

dicyc^opentadiene,  the  corresponding  compounds  of  monoc?/c^opentadiene 

were  also  prepared. 

/          .CHC1-CH\ 
Monocyclopeniadiene     Nitrosochloride,     NgOglCH-c^        nTT/2'  — 

Monoc?/c?opentadiene  (5  grams)  was  mixed  with  amyl  nitrite  (8-8  grams) 
and  well  cooled  in  a  freezing  mixture.  On  adding  the  calculated 
quantity  of  alcoholic  hydrochloric  acid  and  shaking,  the  solution  became 
bright    green,  and    after  a  short  time  a   mass   of   colourless  crystals 
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separated,  the  colour  of  tlie  solution  at  tlte  same  tirue  changing  to 
yellow. 

Tlie  product  must  be  filtered  immediately  and  well  washed  with  ether, 
as  otherwise  it  becomes  brown.  The  yield  was  25 — 35  per  cent,  of  the 
theoretical.  The  best  results  are  obtained  when  not  more  than 
5  grams  of  the  hydrocarbon  are  worked  up  at  one  time.  The  nitroso- 
chloride  is  easily  soluble  in  chloroform  and  crystallises  from  alcohol  or 
acetic  acid  in  fine  needles  which,  when  heated,  begin  to  darken  at 
about  100°  and  decompose  with  slight  explosion  at  144°. 

Prolonged  heating  of  solutions  of  the  substance  results  in  the 
decomposition  of  a  considerable  portion.  The  raw  product  is  very 
unstable,  the  presence  of  impurities  causing  it  to  darken  in  colour 
after  standing  for  a  short  time. 

0-2011  gave  0-3386  CO^  and  00937  H2O.     0  =  45-92  ;  H-5-17. 
0-1501  gave  14-1  c.c.  moist  nitrogen  at  19^  and  747  mm.   N  ==10-61. 
01180     „     0-1293  AgCl.     01  =  27-10. 
O10H1.2O2N2OI2   requires   0  =  45-62;  H  =  4-56;   N  =  10-64;  01  =  26-99 

per  cent. 

Monocjclopentadiene  nitrosohromide  is  quite  similar  to  the  nitroso- 
chloride,  but  less  difficult  to  obtain  in  the  pure  state. 

0-1809  gave  11-9  c.c.  moist  nitrogen  at  15°  and  761  mm.     N  =  7-71. 
^io^i2^2^2^^'2  I'squires  N  =  7-95  per  cent. 

Both  substances  give  Liebermann's  reaction,  but,  unlike  the  corre- 
sponding derivatives  of  dicyc^opentadiene,  they  are  unstable  and  very 
readily  decomposed  on  warming  with  alkalis. 

They  give  resinous  products  with  bases  such  as  ammonia,  aniline, 
pyridine,  and  piperidine,  and  show  a  very  slight  tendency  to  unite  with 
bromine  or  react  with  halogen  acids. 

Dicycfopentadiene  nitrosochloride  and  nitrosohromide  behave  in 
general  like  the  teipene  nitrosochlorides  described  by  Wallach  and 
others.  They  are,  however,  only  very  slowly  attacked  by  alcoholic 
potash  and  sodium  ethylate,  much  resin  being  formed  at  the  same 
time. 

When  heated  with  aniline,  oximes  are  not  formed  as  in  the  case  of 
the  terpene  nitrosochlorides,  but  resinous  products  and  amidoazo- 
benzene  result. 

Conversion  of  N^itroso  halofjen  Compounds  into  Oxime  Derivatives. 

Elhoxi/isonitrosodicjclopentadiene,     CJJ«<CX.t  ^..t/^.^  :>0:N0H. 

^    "^CH*CU(OEt)'^ 

— One   molecule   of    the  nitrosobromido  is  heated  with  excess  of  an 
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alcoholic  solution  of  sodium  ethylate  until  all  the  solid  has  dis- 
appeared. The  alcohol  is  removed  from  the  alkaline  solution  by  dis- 
tillation and  dilute  sulphuric  acid  added,  when  an  oil  mixed  with 
resinous  matter  is  precipitated.  The  product  is  purified  by  extracting 
with  ether  and  then  with  light  petroleum,  in  which  most  of  the  resin 
is  insoluble.  After  standing  for  some  time  over  sulphuric  acid,  the 
oxime  solidifies  to  a  crystalline  mass  which  melts  at  a  low  temperatui'e, 
and  can  be  recrystallised  from  light  petroleum. 

0'1916  gave  11  "3  c.c.  moist  nitrogen  at  18°  and  745  mm.      N  =  6-65. 
CjgHjYOgN  requires  N  =  676  per  cent. 

The  compound  is  precipitated  from  its  alkaline  solution  by  carbon 
dioxide  as  an  oil,  which  slowly  solidifies.  The  alkaline  solution 
strongly  reduces  Fehling's  solution. 

The  yield  of  pure  product  was  very  small,  and  a  further  investiga- 
tion of  its  reactions,  especially  the  isolation  of  the  ketone,  was  not 
attempted. 

A  second  method  for  obtaining  oxime  derivatives  was  afforded  by 
the  action  of  pyridine  on  the  nitroso-halogens. 

Nitrosodi  yo^opentadiene  pyridinium  chloride, 
OH-NICioHi^-CgNHsCl, 
was  prepai-ed  by  Wieland.  The  author  obtained  it  by  carefully  heating 
10  grams  of  nitrosochloride  with  45 — 50  c.c.  of  pyridine  in  a  flask  fitted 
with  a  reflux  condenser.  When  the  boiling  point  of  the  pyridine  is 
reached,  a  violent  reaction  takes  place,  the  solution  becomes  brown,  and 
the  nitrosochloride  is  momentarily  dissolved ;  the  pyridinium  salt  then 
begins  to  crystallise  out,  and  the  whole  mass  solidifies  to  a  firm  cake 
yield,  about  80  per  cent,  of  the  theoretical.  For  analysis,  the  product 
was  extracted  several  times  with  chloroform  to  remove  traces  of 
pyridine  hydrochloride. 

0-2006  gave  17-9  c.c.  moist  nitrogen  at  19-5°  and  749  mm.    N  =  10  08. 
CjgH^^ONoCl  requires  N=  10-12  per  cent. 

The  salt  is  somewhat  hygroscopic;  on  heating  it  darkens  at  180° 
and  melts  at  211°  (Wieland  gives  218°). 

Nitrosodicyc\opentadiene  pyridinium  bromide  is  prepared  in  an 
analogous  way  from  the  nitrosobromide.  It  can  be  recrystallised 
from  water,  forming  small  cubes  which  darken  at  200°. 

0-1657  gave  00958  AgBr.     Br  =  2460. 

C^5Hj.jON2Br  requires  Br  =  24-92  per  cent. 

Both  pyridinium  salts  darken  in  colour  when  warmed  with  potassium 
carbonate,  baryta,  or  caustic  soda  solution  ;  a  resin  separates,  and  an 
odour  of   pyridine  is  apparent.     The  preparation  of   the  oxime  was 
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therefore  carried  out  as  follows  :  the  aqueous  solution  of  thfe  pyridine 
salt  is  freed  from  halogen  by  treatment  with  the  calculated  quantity 
of  moist  silver  oxide.  The  solution  becomes  strongly  alkaline,  and  a 
small  quantity  of  silver  oxide  is  dissolved ;  since  the  latter  is  reduced 
on  warming  the  solution  and  causes  the  formation  of  resin,  it  is  neces- 
sary to  remove  the  silver  by  passing  hydrogen  sulphide  through  the 
solution.  After  filtering  off  the  silver  sulphide,  a  clear,  yellow 
solution  is  obtained,  which,  on  warming  on  the  water-bath,  becomes 
cloudy,  and  a  yellow,  amorphous  product  separates.  It  is  advisable 
to  discontinue  the  warming  as  soon  as  the  product  coagulates. 

The  liquid  is  extracted  with  ether,  the  yellow  residue  from  the 
ethereal  solution  dissolved  in  a  little  caustic  soda,  and  the  alkaline  solu- 
tion filtered  from  resin  and  precipitated  by  carbon  dioxide.  The 
amorphous  product  can  be  further  purified  by  dissolving  it  in  betizene 
and  reprecipitating  Avith  light  petroleum.  A  white,  amorphous  product 
is  obtained,  which  is  easily  soluble  in  most  organic  solvents  and  melts 
at  110°. 

0-1837  gave  0-4530  CO2  and  0-1181  HgO.     C  =  67-25  ;  H  =  7-14. 
0-2141      „     14-3  c.c.  moist  nitrogen  at  18°  and  754  mm.     N-7-65. 
CjoH^gOaN  requires  C  =  67-06  ;  H  =  7-26  ;  N  =  782  per  cent. 

According  to  the  above  figures  the  substance  is  the  oxime  of  ^icyclo- 
pentenolone  (oxynitrosodicyc/opentadiene),  the  ethyl  ester  of  which 
has  already  been  described  above. 

The  oxime  gives  an  oily  sodium  salt  on  treatment  with  concen- 
trated caustic  soda  ;  it  is  oiily  slowly  attacked  on  boiling  with  dilute 
acids,  resin  being  formed  at  the  same  time,  so  that  the  isolation  of  the 
ketone  was  not  possible.  Other  attempts  to  convert  the  oxime  into 
crystalline  derivatives  were  unsuccessful. 

This  method  for  the  preparation  of  oxime  derivatives  is  also  unsatis- 
factory on  account  of  the  poor  yield. 

Dicyelopentadienenitrolpiperidine, 

Kraemer  and  Spilker  (loc.  cit.)  have  already  shown  that  piperidine 
reacts  vigorously  with  dicyc^opentadiene  nitrosochloride.  The  reaction 
is  less  violent  if  carried  out  in  toluene  solution,  using  2  molecules  of 
piperidine  for  each  molecule  of  nitrosochloride.  The  solution  is  raised 
to  the  boiling  point,  when  the  reaction  takes  place,  then  allowed  to 
cool,  and  the  piperidine  hydrochloride  which  separates  out  is  filtered. 
On  concentrating  the  toluene  solution  and  cooling,  an  almost  theoretical 
yield  of  the  piperidine  derivative  is  obtained.    Lustrous  plates  separate 
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which  melt  at  157°  (Kraemer  and  Spilker  give    160°)  and  derompose 
on  being  heated  to  a  higher  temperature. 

01768  gave  0-4717  COo  and  0-1416  H^O.     C  =  72-76  ;  H  =  8-89. 
0-1020     „     9-9  CO.  moist  nitrogen  at  13-5°  and  743  mm.    N  =  1M8. 
C15H22ON2  requires  C  =  730 1;  H  =  8-94;  N=  11-38  per  cent. 

The  base  is  easily  soluble  in  most  organic  solvents,  but  sparingly  so 
in  water.  It  is  not  volatile  in  steam.  As  a  nitrolamine  it  is  at  the 
same  time  a  weak  acid,  and  when  precipitated  in  an  oily  condition 
from  acid  solutions  by  an  alkali,  it  is  soluble  in  excess  of  the  reagent, 
but  in  the  crystalline  form  is  much  less  soluble. 

The  hydrocJiloride  of  the  piperidine  base  is  sparingly  soluble  in  water, 
and  separates  in  white  crystals.  It  is  nearly  insoluble  in  concentrated 
hydrochloric  acid,  and  this  property  can  be  made  use  of  in  identifying 
the  base. 

0-1562  gave  0-0802  AgCl.     CI  =  12  70. 

CjgHggON^Cl  requires  CI  =  12-56  per  cent. 

The  picrate  of  the  base  separates  on  treating  an  alcoholic  solution  of 
the  base  with  the  calculated  amount  of  picric  acid.  When  recrystal- 
lised  from  hot  water  it  is  obtained  in  short,  yellow  needles  which  melt 
without  decomposition  at  147°. 

0-1319  gave  16-35  c.c.  moist  nitrogen  at  13°  and  753  mm.    N  =  14-51, 
CjiHg^OgNg  requires  N  =  14-73  per  cent. 

The  piperidine  derivative  is  very  stable  towards  dilute  acids ;  no 
change  takes  place  on  heating  for  a  short  time  with  concentrated 
hydrochloric  or  sulphuric  aci'i,  but  prolonged  heating  causes  the 
formation  of  resin.  In  the  circumstances,  the  elimination  of 
hydroxylamine  or  the  conversion  of  the  oxime  into  an  unsaturated 
nitrile  could  not  be  induced. 

Reducing  agents  act  only  with  difficulty  on  the  piperidine  base. 
Five  grams  of  the  base  were  dissolved  in  absolute  alcohol  and  treated 
with  a  large  excess  of  sodium,  but  the  greater  part  remained  un- 
changed, and  could  be  easily  recognised  by  the  formation  of  the 
sparingly  soluble  hydrochloride.  At  the  same  time,  however,  a 
diamine  base  was  formed  as  a  thick  oil  crystallising  with  difficulty. 
It  was  separated  by  dissolving  the  mixture  of  bases  in  a  little  concen- 
trated hydrochloric  acid.  On  cooling  the  solution  with  ice,  the  hydro- 
chloride of  the  piperidine  base  separated  almost  completely.  From  the 
filtrate  the  diamine  base  was  precipitated  by  alkali,  dissolved  in  ether, 
and  converted  into  the  hydrochloride. 

The  hydrochloride  of  the  diamine  base  is  a  white,  crystalline  sub- 
stance, very  soluble  in  water  and  concentrated  hydrochloric  acid. 


MOIR  :   THIOCARBAMIDE   AS   A    SOLVENT   FOR   GOLD.        1345 

0-1372  gave  10*45  c.c.  moist  nitrogen  at  11 -5° and  748  mm.    N  =  8-90. 
CjjHgeNgClg  requires  N  =  9*18  per  cent. 

The  platinichloride  of  the  diamine  base  is  obtained  when  an  aqueous 
solution  of  the  hydrochloride  is  treated  with  platinic  chloride,  and 
separates  in  round,  crystalline  aggregates  which  melt  at  249°  with 
decomposition. 

0-2009  gave  0-0605  Pt.     Pt  =  30-11. 

0-2047     „     8-3  c.c.  moist  nitrogen  at  13-75°  and  745  mm.    N  =  4-69. 
CisHagNaClgPt  requires  Pt  =  30-29  ;  N  =  4-36  per  cent. 

The  Organic  Laboratories, 

Chemical  Department, 

The  University  of  Liveri'ool, 


CXXXIV. — Thiocarhamide  as  a  Solvent  for  Gold. 

By  James  Moir,  M.A.,  D.Sc. 

It  has  been  recently  shown  (Proc,  1906,  22,  105)  that  gold  slowly 
dissolves  in  acid  solutions  of  thiocarhamide,  and  that  solution  takes 
place  with  remarkable  rapidity  in  the  presence  of  suitable  oxidising 
agents. 

Since  then,  two  new  complex  gold  salts  have  been  isolated  fi-om 
these  solutions,  and  an  attempt  has  been  made  to  ascertain  their  con- 
stitution. 

The  new  sulphate  and  chloride  were  obtained  by  dissolving  precipi- 
tated gold  in  solutions  of  thiocarhamide  acidified  with  sulphuric  or 
hydrochloric  acid  respectively,  the  action  being  accelerated  by  the 
addition  of  hydrogen  peroxide.  They  have  approximately  the  com- 
position of  addition-compounds  of  thiocarhamide  with  aureus  salts, 
namely,  AugSO^  +  eCH^NgS  and  AuCl -f  2§CH^N2S  ;  in  this  respect 
they  are  analogous  to  the  series  of  double-salts  of  the  heavy  metals, 
such  as  CuCl -t- SCH^NgS,  described  by  Emerson  Reynolds  and  others. 

The  author  considers,  however,  that  the  chloride  has  in  reality  the 
formula  CgHgftNjgSgAugClg,  having  some  such  constitution  as 

3[C,H,N482Au-01]  +  2CII4N2S, 
and  infers  that  the  sulphate  possesses  a  similar  formula,  namely, 
(C.3HoN4S2Au)2S04 -f  2CH4N2S. 

In  the  latter  case,  however,  the  analytical  evidence  is  incomplete, 
owing  to  the  dilhculty  of  preparing  the  substance,  and  the  formula 
must  be  taken  as  only  tentative.     In  the  case  of  the  chloride,  on  the 
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other  hand,  the  evidence  is  clear  that  there  is  a  smaller  proportion  of 
hydrogen  in  the  compound  than  is  required  by  the  supposition  that  it 
is  merely  an  addition-compound  of  AuCl  and  CH^NgS.  It  is  probable 
that  the  cation  C2HgISr4S2A.u  has  the  constitution 


Lnh:c(nH2)-s(Au)-nh-cs-nhJ  * 

The  complex  chloride  can  also  be  obtained  from  the  product  of  the 
reaction  between  potassium  aurichloride  and  thiocarbamide,  a  fact 
which  supports  the  formula  which  is  proposed  for  it,  as  the  following 
equation  shows  : 

SAuClg  +  8CH4N2S  =  CgHaeNieSg-SAuCl  +  6HC1. 

It  is  converted,  by  boiling  with  strong  hydrochloric  acid,  into  the 
compound  AuCl  +  2CH4N2S,  first  described  by  Emerson  Reynolds 
(Annalen,  1869,  150,  255)." 

These  three  complex  gold  salts  beliave  so  differently  from  ordinary 
aurous  compounds  that  one  is  compelled  to  assume  the  existence  in 
them  of  a  complex  cation  such  as  C2HgN^S2Au,  an  assumption  sup- 
ported by  analogy,  since  the  properties  of  such  salts  as  cuprous  thio- 
carbamide carbonate  and  sulphate  (-Ser.,  1884,  17,  300,  for  example, 
Cu2S04  +  5CH4]Sr2S  +  2H20  *)  show  that  "copper,  at  Jeast,  does  not  react 
in  the  usual  way  when  combined  with  thiocarbamide.  The  author  is 
inclined  to  suspect  that  most  of  these  so-called  addition-compounds  of 
thiocarbamide  and  salts  of  the  heavy  metals  are  constituted  similarly 
to  his  new  gold  compound,  and  thus  contain  less  hydrogen  than  is 
indicated  by  the  accepted  formulae. 

The  action  of  s-diphenyl-  and  diacetyl-thiocarbamide  on  gold  was 
tried,  but  the  results  were  negative.  Hence  it  is  probable  that  the 
activity  of  thiocarbamide  itself  depends]|on  its  isomerisation  to 

nh:c(nh2)'sh, 

the  hydrogen  of  the  -SH  group  being  replaceable  by  gold,  just  as  in 
the  recently-discovered  gold  mercaptides  (Ber.,  1905,  38,  2813). 

Experimental. 

(a)  Preparation  of  Cold- thiocarbamide-  Sulphate. 

Finely-divided  gold,  prepared  from  auric  chloride  and  ferrous 
sulphate,  was  added  to  a  strong  solution  of  thiocarbamide  acidified 
with  sulphuric  acid.  The  action  was  accelerated  by  occasional  addition 
of  hydiogen  peroxide  and  warming  to  50°.  The  filtered  solution  was 
allowed  to  evaporate  spontaneously,  when  opaque,  white  rosettes  of 
the  complex  sulphate  crystallised.  These  were  reci  ystallised  for 
*  Beilstein  (I,  1317)  formulates  tins  substance  incorrectly  as  Cu.2(S04)2,  &c. 


I 


MOIR  :   THIOCARBAMIDE   AS   A   SOLVENT   FOR   GOLD.       1347 

analysis,  and  dried  for  several  hours  at  the  temperature  of  boiling 
water  (94-5°),  thereby  losing  water  of  crystallisation,  which  was  not 
determined.  The  substance  then  melted  without  decomposition 
at  161°. 

On  careful  ignition,  0-1327  gave  0-0550  Au.     Au  =  41-45. 
AuoSO^  +  6CH4N.3S  requires  Au  =  41  -64. 
(C2HgN4S2Au)2S04  +  2CH4N2S  requires  Au  =  41-82  per  cent. 

(b)  Prepa/ration  of  Gold-thiocarhamide  Chloride. 

(1)  From  Gold. — Exactly  the  same  method  as  the  above  was  employed, 
using  hydrochloric  instead  of  sulphuric  acid.  The  product  formed 
large,  colourless,  six-sided  plates  or  lozenges  possessing  a  waxy  lustre 
and  striated  parallel  to  the  longer  diagonal,  which  is  also  the  direction 
of  extinction  of  polarised  light. 

It  melts  at  190°  without  decomposition,  which,  however,  begins  at 
about  210°  (see  p.  1349).  It  is  alkaline  to  litmus,  as  is  Reynolds' 
compound,  AuCl  +  2CH^N2S,  and  contains  chlorine,  but  no  cyanogen 
or  sulphocyanogen. 

After  drying  in  the  steam-bath  : 

0-14775  gave  0-0671  Au.     Au  =  45-42  per  cent. 

(2)  From  Gold  Chloride. — To  a  strong  solution  of  thiocarbamide  at 
50°,  a  solution  of  gold  potassium  chloride  was  added  until  the  red 
precipitate  ceased  to  redissolve.  The  resulting  pale  yellow  solution 
was  warmed  for  an  hour,  when  it  became  nearly  colourless ;  a  little 
sulphur  was  deposited  and  was  separated.  On  standing  overnight,  a 
good  yield  of  the  hexahedral  compound  was  obtained,  identical  with 
that  prepared  by  the  former  method.  As  this  method  is  simple,  it 
was  possible  to  prepare  a  fair  quantity  of  the  substance  for  exhaustive 
analysis.  It  should  be  noted,  however,  that  it  is  essential  to  use  gold 
potassium  chloride  and  not  chloroauric  acid,  since  the  latter  gives 
Reynolds'  compound,  AuCl  +  2CH4N2S,  instead  of  the  hexahedral 
compound. 

0-1322  gave  0-0600  Au.  Au  =  45-39. 
00474  „  0-0216  Au.  Au  =  45-50. 
0-3370     „     0-1532  An.     Au  =  45-46. 

Average,  allowing  for  difference  of  quantity  used,  Au  =45-44  per 
cent. 

0-2125  gave  0-0690  AgCl.  Cl  =  8-03. 

0-2125     „     0-2178  BaStV  S  .luble  S=  14-08. 

0-2135     „     0-3106  liaSO^.  Total  S=  19-97  per  cent. 
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Total  sulphur  was  determined  by  digesting  with  aqua  regia  and 
precipitating  as  BaSO^. 

From  these  figures,  the  atomic  ratio  Au  :  Cl=  1  :  0"983,  that  is,  1:1. 
The  ratio  Au  :  total  S=  1  :  2'703,  which  is  most  probably  3  :  8, 
.  The  simplest  formula  for  this  substance  would  be  3AuCl  +  SCH^NgS, 
which  requires  Au  =  45*26  per  cent.,  but  an  error  of  even  so  little  as 
0"2  per  cent,  in  excess  is  nearly  impossible  in  the  mean  of  four 
estimations  of  gold  by  ignition. 

The  formula  which  I  propose  for  the  compound,  namely, 
3(C2H6N4S2AuCl)  +  2CH4N2S, 
requires  Au  =  45-47;  01  =  8-17;  S=  19-72  per  cent. 

It  is  just  possible,  however,  that  the  discrepancy  is  due  to  an  error 
in  the  accepted  atomic  weight  of  gold,  and  that  the  substance  really 
possesses  the  formula  3 AuCl  +  SCH^NgS. 

(c)   Conversion  of  the  Hexahedral  Chloride  into  Reynolds'  Compound. 

On  boiling  the  hexahedral  compound  for  a  minute  with  strong 
hydrochloric  acid  and  separating  from  a  little  sulphur,  lustrous, 
opaque,  white  needles,  agreeing  exactly  with  Reynolds'  compound,  were 
obtained  on  cooling.  After  being  recrystallised  and  dried  in  the  steam 
oven,  0-0534  gave  0-0273  Au.  Au  =  51-2;  OgHgN^OlSaAu  requires 
Au  =  51"24  per  cent. 

(d)  Action  of  Caustic  Alkali  on  the  Hexahedral  Chloride. 

On  adding  sodium  hydroxide  to  the  aqueous  solution  of  the  compound, 
an  orange,  gelatinous  precipitate  is  obtained,  which  on  warming  becomes 
denser  and  dark  olive-green.  This  product  is  identical  with  that 
obtained  by  Rathke  {Ber.,  1884,  17,  307)  by  the  action  of  ammonia  on 
Reynolds'  compound,  AuCl  +  2CH4N2S,  and  amounted  to  114  per 
cent,  of  the  gold  obtained  by  ignition  (whereas  Rathke's  specimen 
amounted  to  116  per  cent.).*  I  find,  with  Rathke,  that  it  seems  to 
contain  carbon  and  nitrogen  as  well  as  sulphur.  The  most  probable 
constitution  is  AugS-f  CHgNgSAu,  the  theoretical  amount  of  which  is 
118  per  cent,  of  the  contained  gold. 

The  colourless  filtrate  contained  the  whole  of  the  chlorine  and  the 
rest  of  the  sulphur ;  the  chlorine  was  estimated  by  precipitating  with 
silver  nitrate,  extracting  the  precipitate  with  ammonia,  and  re- 
precipitating  with  nitric  acid.     This  procedure  was  necessitated  by  the 

*  Another  specimen,  made  by  the  use  of  ammonia  instead  of  sodium  hydroxide,  was 
analysed  : 

0-0611  gave  0-0521  Au.     Au  =  85-27. 

CH3N2S2AU3  requires  Au=:84-67  per  cent. 
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fact  that  the  original  substance  gives  a  complex  precipitate  with 
silver  nitrate  (see  below).  The  residual  silver  sulphide  was  converted 
into  barium  sulphate,  whereby  the  "  soluble  sulphur"  of  the  analyses 
was  determined.  From  the  difference  between  "  total  "  and  "  soluble  " 
sulphur,  the  sulphur  contained  in  the  olive-green  gold  precipitate  is 
calculated  as  5 '8 9  per  cent,  of  the  original,  which  is  a  little  too  high 
for  that  required  by  the  formula  suggested  for  the  olive  compound, 
but  the  determination  of  soluble  sulphur  by  this  circuitous  process 
is  probably  inaccurate. 

(e)  Effect  of  Heat  on  the  Chloride. 

On  heating  in  the  air-bath  at  210°  to  constant  weight,  the  product  was 
uniform  and  dark  brown,  and  amounted  to  148  "6  per  cent,  of  the  gold 
obtained  by  ignition.  It  appears  to  be  a  single  substance,  and  the 
only  probable  formula  is  AugSo'SCH^NgS,  which  corresponds  to  148"7 
per  cent,  of  the  contained  gold. 

(f)  Action  of  Silver  Nitrate. 

On  adding  silver  nitrate  in  excess  to  a  solution  of  the  substance, 
an  immediate  brown  precipitate  of  auric  hydrate  mixed  with  silver 
chloride  is  obtained,  followed  after  a  few  seconds  by  a  bulky  mass  of 
felted  white  needles  of  silver-thiocarbamide,  whereby  the  whole  is  made 
to  gelatinise.  This  operation  was  carried  out  quantitatively  and  the 
results  agree  with  the  complicated  formula  which  I  put  forward  for 
the  gold  thiocarbamide  chloride. 

The  whole  was  diluted  with  very  weak  nitric  acid,  the  precipitate 
filtered  and  dried  at  60°  for  an  hour,  and  finally  left  for  a  week  over 
sulphuric  acid  in  a  vacuum.  The  filtrate  contained  a  little  dissolved 
silver  thiocarbamide,  the  amount  of  which  was  determined  by  con- 
version into  silver  sulphide  and  this  was  added  to  the  main  quantity. 

0-4280 gave  07543  mixed  product  and  0-0885  AggS  (  =  0-0653  gram 
CHgN^SAg,  or  1-08  mols.).  Total  Au-t-AgCl  +  CH3N2SAg  =  0-8196 
gram,  or  191  5  per  cent,  of  the  original. 

The  theoretical  equation  is  : 

CgHagNieSsAugClg  +  11  AgNO.,  +  6H.,0  =  80H3N2SAg  +  3  AgCl  -l- 
SHAuOg+llHNOg, 

whence  1301  grams  should  yield  8  mols.  of  silver  thiocarbamide, 
3  mols.  of  silver  chloride,  and  3  atoms  of  gold  (on  drying)  ;  total 
19 i  2  per  cent,  of  the  original  substance  taken.  This  agreement 
between   theory   and  experiment   was  confirmed    by    the    subsequent 

4  U   2 
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treatment   of   the   precipitate,    which   was   first   ignited,    then    fully 
chlorinated  and  re-ignited,  and  finally  reduced  to  gold-silver  alloy. 

Ignition:  Theory  for  3Au-l- 3AgCl-|- 6-92,  Ag  =  0'5811  gram. 
Found  0-5856  gram. 

Chlorination  :  Theory  for  3Au  +  9-92,  AgCl  =  0-6584  gram.  Found 
0'6410  gram. 

Alloy:  Theory  for  3Au  + 9*92,  Ag  =  0-5466  gram.  Found  0-5450 
gram. 

I  desire  to  thank  Mr.  H.  Harding,  B.Sc,  for  his  kindness  in 
supplying  me  with  the  necessary  extracts  from  chemical  literature  in- 
accessible in  this  country. 

Chemical  Laboratory, 

Mines  Department, 
Transvaal. 


CXXXV. — The  Vapour  Pressures  of  Binary  Mixtures. 
Part  1.  The  Possible  Types  of  Vapour  Pressure 
Curves. 

By  Arthur  Marshall. 

The  relationship  between  the  vapour  pressures  of  the  components  of  a 
mixture  of  two  liquids  is  given  by  the  simple  expression  : 

xd\ogp^+  {\-x)d\ogp^  =  Q (i), 

in  which  p-^,  p^  are  the  partial  pressures  exerted  by  the  two  sub- 
stances 1  and  2,  and  x  is  the  molecular  proportion  of  the  substance 
1  present  in  the  liquid  mixture,  that  is,  the  number  of  gi'am- 
molecules  of  the  substance  1  divided  by  that  of  1  and  2  together ; 
(l-a;)is  consequently  the  molecular  proportion  of  the  substacce  2. 
This  equation,  which  refers  to  changes  taking  place  at  constant 
temperature,  has  been  worked  out  independently  by  Duhem  {Ann.  de 
I'Ecole  Normale  sup.,  1887,  (iii),  4,  9  ;  Traite  elem.  de  Mechanique 
chimique,  1889,  4,  chap.  7),  Lehfeldt  {Phil.  Mag.,  1895,  40,  397), 
Margules  (AS'iteM«5's6en  K.  Akad.  Wien.,  1895,  104,  1243),  and  Ostwald. 
A  very  simple  and  convincing  proof  has  been  published  by  Luther 
(see  Ostwald,  AUg.  Chemie,  1902,  2,  ii,  639),  and  the  experimental 
investigations  of  Zawidski  have  fully  confirmed  its  accuracy  {Zeit, 
phynhal.  Chem.,  1900,  35,  129). 

The  vapour  pressures  of   binary  mixtures   have  been  discussed  in 
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some  detail  in  the  text-books  of  Ostwald  (Joe.  cit.,  pp.  611 — 666, 
687 — 699),  Duhem  (Mechan.  chimique,  4,  194 — 221),  and  Roozeboom 
[Heterogenen  Gleichgewichte,  1904,  2,  8 — 57),  consequently  in  this 
communication  attention  will  be  confined  mostly  to  points  in  which 
the  treatment  of  the  subject,  as  presented  in  the  works  cited,  requires 
amplification  or  correction.  Mention  of  most  of  the  original  papers 
on  the  subject  will  be  found  in  the  communication  of  Zawidski 
{loG.  cit.)  and  in  Young's  work  on  Fractional  Distillation  (London, 
1903). 

Before  proceeding  to  discuss  the  question  of  the  different  types  of 
curves  it  is  necessary  to  define  some  of  the  terms  used. 

In  all  curves  the  pressures  are  supposed  to  be  plotted  as  normals 
against  the  values  of  x,  which  is  equal  to  ■^J-N'i  +  N^i  '^^^^^  -^v  -^2 
are  the  number  of  gram-molecules  of  each  of  the  two  substances 
present  in  the  liquid  mixture. 

A  point  of  inflection  is  a  point  where  a  pressure  curve  changes  its 
direction  of  curvature,  that  is,  where  the  second  differential  of  the 
pressure  with  regard  to  x  is  equal  to  zero. 

A  type  of  curve  is  distinguished  by  the  number  of  points  of  inflec- 
tion and  of  maxima  and  minima  (points  where  dPjdx  =  0)  it  pos- 
sesses and  by  the  order  in  which  they  occur. 

Possible  Types  of  Partial  Pressure  Cwrves. 

Equation  (i)  may  for  convenience  be  written  in  the  form 

dp,  X  dp„  \  -X  f-x 

,—  -  =    -  :P   (ii)» 

ax  p  ax     jOg 

and  from  this  conclusions  may  at  once  be  drawn  as  to  the  shapes  of 
the  partial  pressure  curves.  When  one  substance  is  present  in  large 
excess,  the  partial  pressures  />j  of  the  other  substance  generally  follow 
Henry's  law  approximately  if  not  accurately.     That  is, 

^i^^^a  and  ^1^  =  1, 

dx  X  dx  pi 

and  graphically  the  partial  pressures  are  represented  by  a  straight 
line  through  the  zero  point.  From  equation  (ii)  it  is  evident  that  in 
this  case  the  vapour  pressures  of  the  substance  present  in  excess  obey 
a  similar  law, 

^P2^P2_=,_l  or  ^P2-._    P2  ^ 

dx'l  -X  dx  1  -x' 

which  is  merely  a  mathematical  expression  of  Raoult's  law,  and  shows 
that  the  partial  pressures  of  the  second  substance  are  represented 
graphically  by  a  curve  tangential  tojthe  diagonal  ttj  I  (Fig.  1). 
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When  the  two  substances  possess  normal  molecuh\r  weights  in  the 
liquid  state,  that  is,  when  the  moleculai"  weights  ai-e  the  same  as 
those  in  the  gaseous  state,  the  laws  of  E,aoult  and  Henry  hold  with 
approximate  accuracy  over  a  considerable  range.  When,  however, 
the  molecules  of  either  substance,  or  of  both,  associate,  or  when  they 
tend  to  form  complexes  such  as  hydrates,  the  vapour  pressures  obey 
these  laws  through  a  smaller  range  only  ;  nevertheless,  the  laws  do,  as  a 
rule,  hold  good  approximately  for  solutions  in  which  one  or  other  of  the 
two  substances  greatly  preponderates.  The  only  exceptions  which  have 
hitherto  been  clearly  recognised  are  aqueous  solutions  of  electrolytes. 
But  this  exception  is  exactly  what  would  be  anticipated  from  the 
iisually  accepted  theories  of  mass  action  and  electrolytic  dissociation 
(see  Gahl,  Zeit.  physikal.  Chem.,  1900,  33,  178). 

As  regards  the  course  of  the  middle  portion  of  the  partial  pressure 
curves,  Ostwald  has  assumed  that  there  is  only  one  change  of  direction 
of  curvature,  and  consequently  only  one  point  of  inflection.  The 
experimental  data  which  have  been  accumulated  since  Ostwald's  theory 
was  published  have  fully  justified  his  assumption,  for  in  no  case 
where  the  partial  pressures  have  actually  been  measured  with  accuracy 
do  they  show  more  than  one  point  of  inflection.  Theoretical  con- 
siderations also  would  lead  one  to  expect  that  there  would  not  be 
more  than  one  point  of  inflection  in  any  ordinary  case.  For  whatever 
action  there  may  be  between  the  various  molecules  in  the  liquid 
phase,  one  would  anticipate  that  if  the  ratio  pjx  be  greater  than  tt^ 
at  any  one  point,  at  no  other  point  will  it  be  less  than  tt^,  and  if  at 
any  one  point  it  be  less  than  tt^,  at  no  other  point  will  it  be  greater. 
The  value  of  pjx  may  therefore  be  expected  to  increase  or  decrease 
continuously  until  at  the  upper  end  of  the  curve  it  becomes  equal  to  ttj. 
But  if  such  be  the  case,  it  is  not  possible  to  di-aw  a  partial  pressure 
curve  with  more  than  one  point  of  inflection.  As  already  stated,  no 
partial  pressure  curves  which  have  hitherto  been  determined  by  direct 
experiment  show  more  than  one  point  of  inflection,  but  in  the  case  of 
dilute  solutions  of  sulphur  trioxide  in  water,  although  the  necessary 
vapour  pressure  measurements  are  wanting,  the  freezing-point  deter- 
minations made  by  Pickering  (Trans.,  1890,  57,  331)  indicate  that 
there  must  be  two  points  of  inflection.  This  case  is,  however, 
extremely  complex,  for  not  only  is  the  acid  electrolytically  dissociated, 
but  it  combines  with  the  water  in  several  different  proportions,  the 
water  itself  associates,  and  the  sulphur  trioxide  dissociates  in  the 
gaseous  state  into  sulphur  dioxide  and  oxygen  (see  Gahl,  loc.  cit.). 
In  other  electrolytic  solutions  the  phenomena  are  more  simple,  and 
this  anomalous  covirse  of  the  vapour  pressure  curves  apparently  does 
not  occur. 

In  their  central  proportions,  the  vapour  pressure  curves  of  electro- 
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lytic  solutions  probably  do  not  diifer  materially  in  general  form  from 
those  of  non-electrolytes,  but  as  experimental  data  are  almost 
entirely  lacking  the  present  communication  will  be  confined  to  the 
discussion  of  non-electrolytic  mixtures. 

The  four  possible  types  of  partial  pressure  curves  are  shown  in 
Fig.  1.  The  simplest  type  is  the  straight  line,  type  11,  which,  however, 
appears  only  to  occur  when  there  is  no  contraction  and  no  change  of 
temperature  on  mixing  the  two  substances. 

When  the  two  substances  have  a  tendency  to  combine  chemically, 
the  partial  pressure  curves  are  usually  of  type  I,  but  this  type  can 
also  occur  when  there  is  no  chemical  combination.  Amongst  cases 
which  have  hitherto  been  investigated,  type  lit  is  the  most  common, 
especially  when  the  molecules  of  one  or  both  substances  associate  in 
the  liquid  state.  The  existence  of  curves  of  this  type  does  not, 
however,  necessarily  imply  that  association  takes  place,  for  mixtures 


Fig.  1. 
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of  benzene  and  hexane  fall  into  this  category  ;  nor  does  the  existence 
of  a  curve  of  another  type  prove  that  association  does  not  take  place. 

These  three  types  are  not  sharply  distinguished  one  from  the  other  ; 
on  the  contrary,  curves  can  show  every  degree  of  curvature  from  the 
one  extreme,  as  represented  by  pyridine  and  acetic  acid  belonging  to 
type  I,  through  the  straight  line  to  the  other  extreme,  as  represented 
by  such  pairs  of  liquids  as  hexane  and  methyl  alcohol  belonging  to 
type  III,  and  beyond  into  the  region  of  the  curves  belonging  to 
type  IV.  The  straight  line  is,  in  fact,  only  a  special  case  intermediate 
between  type  I  and  type  III,  but  its  practical  importance  is  so  great  that 
it  was  considered  advisable  to  place  it  in  a  class  by  itself,  for  already 
many  pairs  of  substances  have  been  found  to  give  curves  which  are 
straight  lines  within  the  limits  of  experimental  error,  and  this  not 
merely  at  one  temperature,  but  probably  throughout  a  consi(lorabla 
range. 
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When  the  two  substances  are  not  miscible  in  all  proportions,  the 
partial  pressure  curves  assume  the  form  IV  of  Fig,  1.  As  has  been 
pointed  out  by  Ostwald,  a  fall  of  partial  pressure  with  an  increase  of 
concentration  would  involve  a  condition  essentially  unstable.  A 
solution  which  showed  such  a  phenomenon  could  not  exist,  but  would 
at  once  decompose  in  two  layers  corresponding  in  composition  and 
pressure  with  the  points  a  and  h.  These  two  layers  must  have  not 
only  the  same  total  pressure,  but  also  the  same  partial  pressures. 

The  gradual  change  of  a  partial  pressure  curve  of  type  III  with 
change  of  temperature  into  one  of  type  IV  is  shown  in  Fig,  2,  in 
which  the  curve  A  KB  represents  the  partial  pressures  at  the  limits  of 
solubility   at   various  temperatures.     The   mixture   has   a   solubility 

Fig.  2. 
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critical  point  K,  at  which  it  is  evident  the  partial  pressure  curve 
is  horizontal.  Below  the  critical  point,  each  partial  pressure  curve 
has  a  maximum  and  minimum  value  of  x  for  a  certain  pressure ; 
above  it  the  curves  rise  throughout. 

The  analogy  between  the  cvirves  of  type  IV  and  those  given  by  the 
equation  of  state  of  van  der  Waals  has  already  been  commented  on 
by  Duhem,  Margules,  and  others ;  the  analogy,  indeed,  amounts 
almost  to  identity.  In  the  case  of  the  partial  pressures  of  mixtures 
of  methyl  ethyl  ketone  and  water  investigated  by  myself  (see 
experimental  part),  I  endeavoured  to  fit  to  the  experimental  curves 
equations  of  the  form  : 
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where  a,  b,  and  S  are  constant.  But  although  the  general  form  of  the 
curve  is  given  by  such  an  equation,  it  is  not  possible  to  represent  the 
observations  accurately  throughout  the  whole  course.  In  view  of  the 
fact  that,  even  in  the  far  less  complex  case  of  a  simple  substance, 
van  der  Waals'  equation  gives  a  qualitative  rather  than  a  quantitative 
picture  of  the  behaviour,  it  was  hardly  to  be  expected  that  greater 
success  would  be  achieved  in  this  case,  where  there  are  two  substances 
and  three  phases  and  complications  arising  from  changes  of  density 
and  surface  tension. 

Mutual  Relationshij)  of  the  Two  Partial  Pressure  Curves. 

In  accordance  with  equation  (i),  the  two  partial  pressure  curves 
must  always  be  of  the  same  type.  This  fact  has  been  pointed  out  by 
Ostwald,  who  has  also  remarked  that  if  the  vapour  pressures  exerted 
by  the  substances  in  the  pure  state  be  equal,  the  two  curves  will  be 
equal  in  all  respects  {Allg.  Chem.,  2,  p.  641).  If  the  pressures  be 
different,  he  proceeds  to  say,  ''  so  ist  die  eine  Kurve  in  solchem  Sinne 
ein  Spiegelabbild  der  anderen,  dass  zwar  der  senkrechte  Massstab 
verschieden  ist,  die  Zeichen  des  ersten  und  zweiten  Differentialquotienten 
aber  stets  entgegengesetzt  sind,  auch  beide  daher  gleichzeitig  durch 
Null  gehen.  Es  wiederhold  sich  mit  anderen  Worten  der  Gang  der 
ersten  Teilkurve  beziiglich  des  Steigens  oder  Fallens,  und  hezuglich  der 
konvexen  und  der  konkaven  Kriimmung,  so  wie  des  Wendepunktes  an 
der  zweiten  Teilkurve,  nur  in  anderem  Massstabe."  Part  of  this 
statement  is  undoubtedly  correct,  but  the  portion  which  I  have 
italicised  will  be  shown  to  hold  good  only  in  a  special  case,  namely, 
at  the  critical  solution  temperature. 

If  equation  (ii)  be  differentiated  with  regard  to  x,  it  gives 

dhh-  _dW^-^  Px^Px L_    ^Pl-^\     ,     .     (iii), 

dx^  dx^     X     2^-2      dx'p^[\  -  x)\  X       dx   ) 

and    when       ^1  =  0,  we  have 

dx^ 

^=    _        ^Pi        flPxhh^^JPx 
dx  pi^(l-xydx   [x        dx 

_        1  djhjPi_dpi\ (j^) 

/)j(l  -  X)  dx   [  X      dx  } 

Of   the    factors    on    the    left-hand  side   of   equation    (iv). 


Pi{l-x) 


must  always  be  a  positive  quantity  ;  -^  is  always  negative,  except 
in  a  part  of  the  unrealisable  central  portion  of  curves  of  type  IV; 
-J    ^~— p  !    is  always  negative  with  a  curve'of  type  I,  it  is  equal  to  0 

^    00  fvCC    I 
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with  a  curve  of  type  II,  and  it  is  positive  with  curves  of  types  III  and 
IV,  It  is  evident,  then,  that  at  the  point  of  inflection  of  the  jo^ 
curve  the  second  differential  of  the  p^  curve  is  positive  in  the  case  of 
type  I,  negative  in  the  case  of  type  III,  and  positive  in  the  case 
of  type  TV.  In  the  ca^e  of  type  II,  there  is  no  curvature  and 
consequently  no  change  of  direction  of  curvature.     It  may  be  shown 

in  the  same  way  that  —^  alters  its  sign  in  a  similar  manner,  OsLwald's 

statement  that  the  points  of  inflection  fall  on  the  same  normal 
is  not  true  therefore ;  on  the  contrary,  with  curves  of  type  I  and  [II, 
the  points  of  inflection  are  nearer  to  the  upper  parts  of  the  curves, 
and  with  curves  of  type  IV  they  are  nearer  to  the  points  where 
the  partial  pressures  are  equal  to  0. 

At  the  critical  solution  point  — p^  =  0,  consequently 

d^p-^  X      <Pp^  1  ~  ^  _  n 
dx^  p-^      dx^  '  p^ 

Therefore,  if  the  second  differential  of  one  curve  disappear  at  this 
point,  that  of  the  other  must  do  so  too.  Reference  to  Fig.  2  will 
show  that  both  partial  pressure  curves  must  have  points  of  inflection 
at  the  critical  point.  Ostwald's  statement  is  therefore  correct  in  this 
special  case,  and  in  this  only. 

From  equation  (ii),  it  is  evident  that  with  curves  of  type  IV  the 
maximum  of  the  first  curve  occurs  at  the  same  composition  as  the 
minimum  of  the  second,  and  the  minimum  of  the  first  at  the 
same  composition  as  the  maximum  of  the  second. 

Total  Pressure  Curves. 

The  possible  forms  of  partial  pressure  curve  have  now  been 
discussed,  and  it  has  been  shown  that  they  all  belong  to  four  types, 
which,  however,  are  only  special  forms  of  a  general  type.  The  next 
stage  is  to  ascertain  what  forms  of  total  pressure  curve  can  be  obtained 
by  combining  two  partial  pressure  curves  of  the  same  type.  For  this 
purpose,  use  can  be  made  of  the  equations  : 

P='lh+Pi (v), 

dP  =  d2)i  +  dp2 (vi), 

d^-P  =  d^p^  +  d% (vii), 

which  are  so  obvious  that  no  proof  is  required. 
Combining  (ii)  and  (v),  we  obtain 

^Z=^(l^iXl^ (viii). 

dx      dx\       P2     X    / 
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which    shows  that    P    is    at   a  maximum    or    minimum   when    either 

^?  =  0or  P^-     ^    . 
dx  p^     I  -  X 

One  or  the  other  of  these  two  conditions  must  be  fulfilled  whenever 

dP 

—  =  0.     The  first  of  these  conditions  occurs  only  in  the  unrealisable 
dx 

portion  of  curves  of  type  IV,  the  second  is  the  condition  of  a  mixture 

of  constant  boiling  point  (compare  Margules,  loc.  cit.). 

It  has  been  suggested  by  Ostwald  (loc.  cit.,  pp.  618,  642)  that  with 

pairs  of  liquids  miscible  in  all  proportions  the  total  pressure  curve  may 

have  two  maxima  and  a  minimum  or   two  minima  and  a  maximum. 

He  has  suggested  that  the  former  may  occur  when  the  vapour  pressures 

of  the  two  constituents  are  not  very  different  and  the  temperature 

is  not  far  removed  from  that  of  the  critical  point.     Zawidski,  on  the 


Fig.  3. 
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other  hand,  has  suggested  that  the  latter  may  occur  when  the  two 

constituents  associate  and  also  combine  chemically  one  with  the  other. 

It  can,  however,  be  demonstrated  that  only  one  maximum  or  minimum 

can  occur   in  a   total  pressure  curve  when  the   two    substances   are 

miscible  in  all  proportions. 

For,  if  possible,  let  the  total  pressure  curve  have  two  maxima  and 

dP 
a  minimum  as  in  Fig.  3.     Then  at  each  of  the  points  where  -7— =  0> 


The  partial  pressure  curves  must  therefore  pass  through 


V'l     1  -  ^ 

the  points  ttj,  6^,  c^  and  a.^,  h.^,  c.^  respectively.     But  this  is   incon- 
sistent with  the  equation  (ii)  and  with  the  law  of  Raoult  and  Henry. 

Similarly,  it  may  be  shown  that  two  minima  and  a  maximum  are 
equally  impossible.     One  minimum  or  one  maximum  is  therefore  all 
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that  is  possible  in  total  pressure  curves  of  types  I   or  III.     With 
curves  of  type  II  no  maximum  or  minimum  can  of  course  occur. 
If  equation  (viii)  be  differentiated  with  regard  to  x,  we  obtain 

"^^^(l  ^Pl\z^\  +  'h^J_('Pl_^\     ,    .    .    .     (ix). 
dx^      dx.^\       p^'    X    }     dx  xp.j\x      dx J     ' 

^'   ^("-^-^ W' 

ana     <iP?.±f''i_*l)  =  /3 (xi), 

dx  xp.2\x      dx  / 

dip 

then .  -f  /i (^ii)- 

dx" 

Of  the  factors   that  appear  in  equation   (ix),  x,  (1  —x),  p^,  2^2  ^^^  ^11 

d-n 
necessarily  positive.     The  sign  of    -^  has  been  discussed  above  ;  that 


dx^ 

'ive 


of    (  1  -  ^ )  is  shown  by  equation  (viii)  to  be  always  negat 

\       P2'    X    / 

when  dP/dp^  is  negative,  that  is,  when  the  slope  of  the  total  pressure 

curve  is  opposite  to  that  of  p^  curve.     It  is  positive  when  dPjdp^  is 

positive,  and  is  equal  to  0  when  a  constant  boiling  mixture  is  formed. 

The  first  differential  dp^/dx  is  always  negative  except  in  a  part  of  the 

unrealisable  portion  of  the  curve  of  type  IV.     The  factor  ( *^  — o  | 

\x      dx  / 

is  always  negative  with  a  curve  of  type  I,  and  always  positive  with 

those  of  types  III  and  IV.     The  possible  variations  of  all  the  factors 

in  equation  (ix)  being  known,  the  possible  variations  in  the  sign  of 

the    second    differential  d-F/dx^  can   be  summed    up.      The  signs  of 

all   the   variable  factors  are  given  in   Table   I.     In  all  cases  it  is 

supposed  that  vapour  pressure  of  the  second  substance  in  the  pure 

state  is  higher  than  that  of  the  first.    In  those  instances  where  several 

signs  are  given,  the  curve  is  supposed  to  be  divided  into  portions  at 

the  points  of  inflection  or  at  a  maximum  or  minimum.     The  brackets 

in  the  column  referring  to  type  IV  are  to  mark  off  the  unrealisable 

portions  of  the  curves.     The  letter  (a)  means  that  no  constant  boiling 

mixture  is  formed,   (6)  indicates  that  a  constant  boiling  mixture  is 

formed. 
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Table  I. 
Type  I.  Type  III.  Typo  IV. 


m.....^.... -. 

n  1  -—  .    --—  I    Sign  the  same  as  that  of  -, —  in  realisable  portion  of  all  curves. 
(dp, 

X     dx)  "•"  + 

„  /«  +-  -  -  +  +  -(-+)  + 

Vb   -  +  -  -  +  -  -(-+±)±- 

/8 +  -  -(-  +  -)- 

(fiPfa ++±  --+  _(_++)  + 

dx^Vb ±  +  ±  --±-  -(-  +  -)- 

Consideration  of  the  facts  assembled  in  Table  I  shoA^s  that  twelve 
possible  types  of  total  pressure  may  occur.  The  first  and  second 
differentials  of  these  are  given  in  Table  II,  and  in  Figs.  4  to  8  the 
shape  of  each  is  shown  graphically. 


Table  II. 
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Type. 

dp. 

d2p 

dP 

Oip 

of  in- 

Max- 

Min. 

d.c 

"rf?- 

dx 

dx^' 

flection. 

inia. 

ima. 

lA.    \ 
IB.     1 

{  + 

+  +- 

1 

0 

+ 

+ 

+ 

+  +  + 

0 

0 

0 

IC.     { 
ID.    ) 

-  + 

+  +  + 

0 

0 

1 

1-  + 

-  +  - 

2 

0 

1 

II. 

+ 

0 

+ 

0 

0 

0 

0 

III^.     1 

\x 

--  + 

1 

0 

0 

Ills.     1 

+ 

-  + 

0 

0 

0 

inc.    I 

'I  +  - 



0 

1 

0 

U\D.    I 

l+- 

--  +  - 

2 

1 

3 

IVA.     \ 
IV  B.     ) 
IVG     f 

/+{+-+)+ 

-(-+)+ 

1 

2 

1 

+(+-+)+ 

+  (+-)- 

+(+-+)+- 

-(-  +  -)- 

2 

2 

1 

l+(+-+-)- 

-(-  +  -)- 

2 

1 

1 

Tyjje  lA. — Curves  of  this  type  occur  when  the  two  substances  have 
very  different  vapour  pressures.  Trinitroglycerol  and  acetone,  the 
figures  relating  to  which  will  be  found  in  the  experimental  portion  of 
this  paper,  form  an  example  of  it.  Other  instances  are  ammonia  and 
water,  glycerol  and  water,  ether  and  aniline  (Raoult,  Zeit.  physikal. 
Cltem.,  1900,  36,  60). 

Type  IB  calls  for  no  special  comment.  An  example  is  presented  by 
mixtures  of  carbon  tetrachloride  and  toluene  investigated  by  Lehfeldt 
{Phil.  Mag.,  1898,  v,  46,  42).  Also  chloroform  and  benzene,  and 
carbon  tetrachloride  and  ether  investigated  by  Linebarger. 

Type  16'. — Mixtures  of  acetone  and  cliloroforra  give  a  total  pressure 
curve  of  this  form  (Zawidski,  Linebarger,  J.  Amer.  t'hem.  Soc,  1895, 
17,  615,  690). 

Type  LD. — For  a  well-establi-^hed  iustauce  of  this  typo  wo  are  again 
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indebted  to  Zawidski,  who  found  it  to  occur  with  mixtures  of  pyridine 
and  acetic  acid.     Mixtures  of  water  with  the  strong  minei'al  acids  also 

Fig.  4. 


Composition. 

appear  to  give  curves  of  this  type,  but  full  experimental  data  are 
wanting.     The  double  change  of  curvature  combined  with  a  minimum 


Fig,  5. 


probably   only   occurs    when    the    two    substances    have   considerable 
tendency  to  combine  with  one  another. 

Type   II   has  been  well   discussed   by    Young  and  others.     It  will 
suffice  here  to   mention   that   Zawidski   gives  a  list  of  seven  binary 
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mixtures  which  have  straight  vapour  pre.-sure  curves,  and  that  Young 
has  added  two  mixtures  (chlorobenzene  and  bromobenzene,  and  methyl 
and  ethyl  alcohol)  for  which  the  pressure-composition  line  is  quite 
straight,  and  four  others  (ethyl  propionate  and  acetate,  ethyl  benzene 
and  toluene,  w-octane  and  w-hexane,  and  toluene  and  benzene)  for 
which  the  curvature  is  exceedingly  slight  (Trans.,  1902,  81,  768;  83, 
45). 

Ty^n  III/l,  like  WA,  occurs  when  the  vapour  pressures  of  the  pure 
substances  are  very  different.  Instances  are  acetone  and  water 
(Taylor,  J.  Physical  Chem.,  1900,  4,  360  ;  Schreinemakers,  Zeit. 
2)kysikal.  Chem.,  1901,  39,  486)  ;  ariiline  and  alcohol  (Guthrie,  Phil. 
Mag.,  1884,  [v],  18,  511);  ether  with  turpentine,  nitrobenzene, 
aniline,  methyl  salicylate,  and  etliyl  benzoate  (Raoult,  Zeit.  physikal. 
Chem.,  1888,  2,  353  ;  recalculated  by  Linebarger,  J.  Amer.  Chem.  Soc, 


Fifi.   6. 
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1895,  17,  699) ;  carbon  tetrachloride  and  niti'obenzene  (Linebarger, 
loc.  cit.). 

Type  IWB  is  common.  The  following  may  be  mentioned  as 
examples  :  acetic  acid  and  benzene,  carbon  tetrachloride  and  benzene 
(Zawidski,  loc.  cit.). 

Type  IIIC  is  also  very  common.  Amongst  the  mixtures  investi- 
gated by  Zawidski,  carbon  tetrachloride  and  ethyl  acetate,  ethyl  iodide 
and  ethyl  acetate,  carbon  disulphide  and  methylal,  carbon  disulphide 
and  acetone  may  be  mentioned  as  belonging  to  this  class  (see  Fig.  8). 

Tyj)e  IIIZ)  probably  only  occurs  with  any  given  mixture  within  a 
limited  range  of  temperature  in  the  neighbourhood  of  the  solution 
critical  point.  Mixtures  of  phenol  and  water  give  curves  of  this  type 
at  temperatures  from  the  critical  point,  68°,  up  to  90°,  and  probably 
somewhat  beyond  (see  Schreinemakers,  Zeit.  2^hysikal.  Chem.,  1900, 
35,  474).  It  may  be  regarded  as  a  transition  stage  between  types 
IIIC  and  IV^,  and  will  be  discussed  later  (see  Fig.  8). 

Type  lYA  occurs  when  the  substances  are  not  miscible  in  all  pro- 
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portions,  and  the  one  is  very  volatile  compared  with  the  other. 
According  to  a  statement  of  Bancroft's  {Phase  Rule,  1897,  p.  101), 
solutions  of  sulphur  in  benzene  and  toluene  give  total  vapour  pres- 
sures of  this  type.  Some  rough  qualitative  experiments  with  sulphur 
dioxide  in  water  appear  to  indicate  that  they  fall  within  this  category. 
As  in  all  cases  where  the  vapour  pressure  of  one  substance  is  small, 
the  total  pressure  curve  necessarily  almost  coincides  with  the  partial 
pressure  curve  of  the  other  constituent.  All  that  has  been  said  con- 
cerning the  gradual  change  of  a  partial  pressure  curve  of  type  III 
into  one  of  type  IV  may  be  repeated  with  regard  to  the  change  of  a 
total  pressure  curve  of  type  1\1A  into  one  of  TV  A,  and  the  conversion 
may  be  illustrated  by  a  diagram  almost  identical  with  Fig.  2.  When  a 
mixture  of  this  type  is  submitted  to  fractional  distillation,   it  will 


Fig,  7. 
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ultimately  be  resolved  entirely  into  the  two  pure  constituents,  just  as 
in  a  case  where  the  total  pressure  curve  rises  throughout.  At  the  two 
limiting  compositions  Xa,  xj,,  not  only  are  the  total  pressures  the  same, 
but  the  partial  pressures  also,  and  consequently  the  composition  of  the 
vapour  given  off  from  a  liquid  of  the  composition  Xa  must  lie  between 
xjj  and  the  point  where  x=\. 

Type  TVB. — Ostwald  in  his  discussion  of  the  vapour  pressures  of 
binary  mixtures  omitted  to  mention  this  type.  Nevertheless,  it 
appears  to  be  a  common  one,  for  Schreinemakers  has  found  that  mixtures 
of  phenol  and  water  below  the  solution  critical  point  give  curves 
belonging  to  it,  and  three  pairs  of  liquids  examined  by  me  do  so  also  : 
these  three  pairs  are  methyl  ethyl  ketone  and  water,  ethyl  acetate  and 
water,  ether  and  water,  experimental  data  of  which  are  given  later. 
The  gradual  change  of  a  curve  of  type  lYB  into  one  of  type   HID 
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and  then  IIIC  is  shown  in  Fig,  8.     The  second  point  of  inflection  may 
fall  either  within  or  without  the  unrealisable  area. 

Tyj^e  lYC. — There  are  many  pairs  of  liquids  which  give  curves  of  this 
type,  but  the  mixtures  of  water  and  aniline  which  were  investigated 
by  Schreinemakers  {loc.  cit.)  form  the  only  case  for  which  vapour 
tension  measurements  extending  over  the  whole  range  of  compositions 
are  available.  A  few  determinations  with  mixtures  of  amyl  alcohol 
and  water  have  been  made  by  myself  and  will  be  found  in  the  experi- 
mental portion  of  this  communication.  For  the  gradual  alteration  of 
the  total  pressure  curve  with  change  of  temperature  up  to  the  critical 
point,  Ostwald  gives  a  diagram  which  is  reproduced  in  Fig.  9.  There 
is,  however,  no  proof  that  the  critical  point  tk  is  also  the  point  of 

Fig.  8. 


Composition. 


maximum  vapour  pressure,  and  it  is  more  probable  that,  as  the  mutual 

solubility  rises,  the  point   where   —  =  :j approaches    nearer  and 

Pi       i-  —X 

nearer  to  the  solubility  curve,  and  eventually  passes  it,  so  that  the 

curve  becomes  one  of  type  lYB.     The  further  metamorphoses  of  the 

curve  are  consequently  those  shown  in  Fig.  8. 

Referring  to  the  diagram  (Fig.  "9),  Ostwald  says  {loc.  cit.,  p.  693)  : 

"  Verfolgt   man   nun  ....  die    Kurven   abwiirts,    indem   man   vom 

'jkritischen   Punkte  ausgeht,  so  wird   man  vermuten  diirfen,  dass  die 

j'Stelle,  der  die  Zusamiuensetzung  des  Dampfes  entspricht,  immer  noch 

leinen  ausgezeichneten  Punkt  bezUglich  der  Teildruckkurven  darstellt. 

Die  horizontale  Tangente  des  Maxiraalpunktes  geht  in  die  empirische 

Diimpfdruckgerade  des  heterogenen  Gebietes  Uber,  welche  die  theore- 
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tischen  Einzeldruckkurven  in  drei  Punkten  schneidet.  Zwei  von  diesen 
Punkten  haben  die  physische  Bedeutung,  dass  sie  die  Zusammensetzung 
der  beiden  Fliissigkeiten  angeben,  bei  welchen  die  Unstetigkeit  der 
empirischen  Kurve  eintritt.  Man  darf  daher  vermuten,  dass  auch 
der  dritte  Durchsclinittpunkt  eine  physische  Bedeutung  haben  wird, 
und  da  bleibt  nur  die  Zusammensetzung  des  Dampfes  hierfui* 
iibrig." 

Such  a  method  of  reasoning  is  evidently  a  dangerous  one.  There  is 
no  proof  that  the  two  partial  pressure  curves  are  intersected  by  the 
empirical  straight  lines  at  the  same  values  of  x,  and  when  Fig.  8  is 
substituted  for  Fig.  9  the  argument  fails  entirely.  In  endeavouring  to 
ascertain  the  composition  of  the  vapour  given  off  by  the  heterogeneous 
mixture,  there  is  no  reason  to  use  any  other  methods  than  would  be 
employed  with  curves  of  other  types.     The  composition  of  the  vapour 


Pig.  9. 


must   always   lie    somewhere   between   that   of   the    maximum   total 


and  that  of  the  liquid  phase  nearer  to 
The  approximate  positions  of   the 


pressure     where  —    =  -; — 

V  Pi         ^-^J 

the  upper  portion  of  the  curve, 
points  which  represent  the  composition  of  the  vapour  phase  are  marked 
a  in  Fig.  8. 

In  Figs.  7  and  8,  only  critical  solution  points  of  maximum  tempera- 
ture have  been  represented.  It  has  been  shown  by  Rothmund  {^Zdt. 
physikal.  Chem.,  1898,  26,  433)'  that  in  some  cases  the  mutual 
solubility  of  two  substances  increases  with  falling  temperature  until 
finally  they  become  entirely  miscible.  So  far  as  I  have  been  able  to 
foresee,  there  would  be  no  essential  difference  in  the  variations  of  the 
shape  of  the  vapour  pressure  curves,  whether  the  critical  solution 
point  be  of  minimum  or  maximum  temperature. 

The  changes  that  curves  of  type  IV  undergo  have  been  discussed  in 


il 
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some  detail  on  account  of  their  theoretical  importance.  Total  pressure 
curves  of  other  types  also  alter  their  shapes  with  variations  of  tempera- 
ture, and  probably  any  one  type  may  under  sviitable  conditions  gradu- 
ally change  into  any  other.  These  possibilities  will  not,  however,  be 
considered  in  the  present  communication. 

It  is  a  fortunate  circumstance  that  although  the  number  of  binary 
mixtures  the  vapour  pressures  of  which  have  been  thoroughly 
investigated  is  not  large,  nevertheless  there  is  not  one  of  the  twelve 
types  which  has  not  a  representative. 

Begnault's  Law. 

Prof.  Duhem,  to  whom  we  are  indebted  for  the  original  discovery  of 
the  fundamental  equation  (i),  has  investigated  many  of  the  problems 
connected  with  the  vapour  pressure  of  binary  mixtures  {Mechanique 
Chimique,  1899,  4,  1—228).  The  greater  part  of  Duhem's  work 
does  not,  however,  directly  concern  the  subject  of  this  communication. 
But  on  p.  204  he  calls  attention  to  some  of  the  experiments  which 
Regnault  carried  out  with  ether  and  water.  The  latter  took  a  mixture 
of  equal  volume  of  these  substances,  which  of  course  was  in  two  layers, 
and  determined  the  pressure  of  the  saturated  vapour  given  off  by  the 
mixture.  He  found  that  at  each  temperature  this  pressure  was  almost 
equal  to  that  of  the  saturated  vapour  of  anhydrous  ether.  The  follow^ 
ing  table  (HI)  gives  the  results. 


Table 

III 

Vapour  pressures 

uperature. 

Of  mixture. 

Of 

iiure  ether. 

Difference 

15-56° 

362-95 

361-4 

+  1-5 

20-40 

440-32 

440-0 

+  0-3 

24-21 

510-08 

510-0 

+  0-1 

26-73 

562-79 

563-6 

-0-8 

27-99 

589-38 

590-0 

-0-6 

33-08 

710-02 

711-6 

-1-6 

Duhem  confidently  predicted  that  amongst  partially  miscible  liquids 
other  cases  of  a  similar  nature  would  be  discovered,  and  this  has 
indeed  been  the  case.     Schreinemakers  found  that  at  a  temperature 

following  vapour 


of   56 '3°   solutions   of   phenol 

in 

water 

have   th 

pressures  : 

Table  IV. 

Phenol. 

Pressure 

0      per  cent. 

125   mm 

2-0 

125      „ 

5-58       ,, 

127      „ 

7-42      ,, 

126-5  „ 

10-88      ,, 

127      „ 

14-5 

126      ,, 

60  0         ,, 

126      ,, 

Liquid  separates 
into  two  layers. 

4x2 
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and  my  own  experiments  with  mixtures  of  methyl  acetate  and  water 
give  somewhat  similar  i-esults  (see  below). 

Duhem,  from  the  behaviour  of  mixtures  of  ether  and  water,  deduced 
a  rule  which  he  calls  Eegnault's  law,  and  enunciates  as  follows  :  "  La 
Tension  de  la  vapeur  mixte  emise  par  le  melange  que  forme  le  liquide  2, 
en  se  dissolvant  dans  le  liquide  1,  est  sensiblement  egale,  k  toute  tem- 
perature, k  la  tension  de  vapeur  saturee  du  liquide  1."  Regnault's 
law  is,  however,  only  a  rough  approximation.  Even  with  mixtures  of 
ether  and  water  the  divergence  from  the  "law"  is  considerable.  This 
is  shown  not  merely  by  the  boiling  point  experiments  which  have 
been  performed  by  Beckmann  (Zeit.  physikal.  Chem.,  1891,  8,  134), 
Linebarger  (ibid.,  1895,  17,  500),  and  myself  (see  below),  but  also  by 
a  very  simple  distillation  experiment.  It  has  been  pointed  out  by 
Duhem  that  a  mixture  which  obeys  Regnault's  law  should  give  off 
vapour  having  the  same  composition  as  the  liquid,  and  that  when  the 
liquid  separates  into  two  layers  the  vapour  should  have  the  same 
composition  as  the  layer  which  is  richer  in  the  more  volatile  constituent. 
Water  is  distinctly  more  soluble  in  ether  at  its  boiling  point  than  at 
the  ordinary  temperature,  as  is  shown  by  the  fact  that  if  a  boiling 
satui'ated  solution  of  water  in  ether  be  cooled  it  becomes  decidedly 
cloudy.  Consequently  a  heterogeneous  mixture  of  ether  and  water 
should,  according  to  the  "  law,"  yield,  on  distillation,  a  distillate  which 
is  cloudy  at  the  ordinary  temperature.  Experiment  shows  that  this 
is  not  so ;  on  the  contrary,  a  constant  boiling  mixture  of  water  and 
ether  is  obtained  which  is  perfectly  clear  at  all  ordinary  temperatures. 

Even  in  cases  where  the  vapour  pressure  of  the  heterogeneous  liquid 
is  quite  different  from  that  of  the  more  volatile  constituents,  there  is, 
however,  a  tendency  for  the  curve  in  the  neighbourhood  of  solubility  to 
approximate  to  a  horizontal  straight  line.  This  fact  is  brought  out  by 
Schreinemaker's  measurements  of  the  vapour  pressures  of  mixtures  of 
aniline  and  water  at  75°,  which  are  given  in  Table  V. 


Table  V. 

Aniline. 

Vapour  pressure. 

0     per  cent. 

289  mm. 

1-38 

297     ,, 

2-88 

300     „ 

3-46 

301     ,, 

3-49 

301     ,, 

4-18 

301     „ 

4-6 

302     ,, 

47 

302     ,, 

4-85 

302     ,, 

5-2 

303     ,, 

\  Liquid  separates 
J    into  two  layers. 

94-0 

303     ,, 

My  own  experiments  with  methyl  ethyl  ketone  and  water  illustratel 
this  tendency  even  more  clearly.     In  Fig.  12,  the  boiling-point  curve! 
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ABC  is  not  to  be  distinguished  from  a  straight  line  between  the  com- 
positions 95  per  cent,  and  85  per  cent.,  but  at  A'B'C,  Fig.  13,  the 
temperatures  are  plotted  on  a  scale  many  times  as  large,  and  the  true 
nature  of  the  curves  can  be  seen. 

The  reason  why  the  total  vapour  pressure  curve  tends  to  approximate 
to  a  straight  line  in  these  cases  is  not  difficult  to  see.  The  first  differ- 
entials of  the  partial  pressure  curves  are  here  small,  for  at  a  point  not 
far  distant  within  the  unrealisable  area  they  disappear ;  they  are  also 
of  opposite  sign.  As  dPjdx,  the  first  differential  of  the  total  pressure 
curve,  is  equal  to  their  algebraical  sum,  it  also  must  be  small.  The 
second  differential,  d^F/dx^,  must  be  small  too,  because  at  about  the 
same  level  of  pressure  there  are  two  points  of  inflection  where  it  dis- 
appears altogether.  Hence,  although  the  total  pressure  curve  in  this 
neighbourhood  is  never  a  horizontal  straight  line,  it  may  at  first  sight 
appear  to  be  one. 

Methods  of  Determining  Total  Pressure  Curves. 

In  considering  the  subject  theoretically,  the  partial  pressure  curves 
were  discussed  first  and  then  the  total  pressure  curves.  This  was  the 
most  convenient  arrangement,  because  the  number  of  possible  types 
of  partial  pressure  curves  is  smaller,  and  the  types  of  total  pressure 
curves  may  be  derived  from  them.  When  the  course  of  a  curve  is  to 
be  ascertained,  however,  it  is  nearly  always  necessary  to  ascertain  the 
total  pressures  first,  and  derive  the  partial  pressures  from  them  either 
experimentally  or  by  mathematical  analysis.  It  will  be  best,  therefore, 
now  to  consider  the  methods  of  determining  the  total  pressures,  and 
then  to  discuss  how  the  partial  pressures  may  be  derived  from  them. 

In  order  to  be  able  to  plot  vapour  pressures  against  the  values  of  x 
it  is,  of  course,  necessary  to  determine  at  a  selected  temperature  the 
pressures  of  a  series  of  mixtures  differing  in  composition.  This  may 
be  done  in  a  variety  of  different  ways. 

Firstly,  there  is  the  static  method,  in  which  the  liquid  remains  at 
rest  at  the  selected  temperature  and  the  pressure  is  measured  by  means 
of  a  manometer.  This  method  offers  no  opportunity  of  making  a 
chemical  analysis  of  the  vapours  given  off.  I  have  used  it  to  deter- 
mine the  vapour  pressures  of  mixtures  of  acetone  and  trinitroglycerol. 
In  this  case  it  was  necessary  to  conduct  the  experiments  at  a  low 
temperature,  18°,  in  consequence  of  the  instability  of  nitroglycerol  at 
high  temperatures.  It  was  not  possible  to  boil  the  mixtures  contain- 
ing little  acetone  on  account  of  the  very  low  vapour  tension  of  the 
nitroglycerol.  Consequently  this  was  the  most  suitable  method  to 
use,  but  the  results  were  somewhat  disappointing  in  that  they  were 
not  so  concordant  as  might  be  desired.  Fortunately  they  leave  no 
doubt  as  to  the  type  of  the  curve. 
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Secondly,  there  is  Walker's  method,  in  which  a  current  of  air  is  led 
through  the  liquid.  This  only  yields  accurate  results  when  the  vapour 
pressures  are  low.  I  have  used  it  for  the  determination  of  the  vapour 
pressure  of  pure  trinitroglycerol. 

The  third  method,  namely,  that  of  measuring  the  pressure  under 
which  the  mixture  boils  at  a  selected  temperature,  has  yielded  excellent 
results  in  the  hands  of  Zawidski  and  others.  Unfortunately,  it  re- 
quires a  considerable  amount  of  special  apparatus  in  order  to  avoid 
various  sources  of  error,  and  even  then  it  is  difficult  to  maintain  the 
temperature  of  the  boiling  liquid  exactly  at  the  correct  point. 

In  my  experiments  with  mixtures  of  water  with  methyl  ethyl 
ketone  and  other  substances  which  are  soluble  in  it  only  to  a  limited 
extent  I  have  made  use  of  a  fourth  method,  namely,  that  of  deter- 
mining the  boiling  point  under  atmospheric  pressure  and  then  calculat- 
ing the  vapour  pressure  at  a  selected  temperature.  This  method  has 
the  advantage  of  great  sensitiveness ;  in  the  case  of  methyl  ethyl 
ketone  and  water  mixtures,  differences  of  temperature  were  measured 
which  were  concordant  within  about  0"001°,  equivalent  to  about 
002  mm.,  or  about  0"003  per  cent,  of  the  total  pressure.  In  order  to 
be  able  to  reduce  the  vapour  pressures  to  constant  temperature,  it  is, 
of  course,  necessary  to  ascertain  the  variation  of  pressure  with  tem- 
perature for  several  mixtures.  It  was  found  that  an  equal  range  of 
pressure  corresponded  to  an  almost  equal  variation  of  temperature  in 
different  parts  of  the  curve.  Therefore  the  error  introduced  by  the 
correction  of  the  pressures  cannot  have  been  great,  and  any  small  loss 
of  absolute  accuracy  was  more  than  compensated  by  the  great  relative 
accuracy  of  the  observations. 

Methods  of  Determining  Partial  Pressure  Curves. 

In  order  to  determine  these  experimentally,  it  is  necessary  to  distil 
part  of  a  liqviid  mixture  and  analyse  it.  Lehfeldt  and  Zawidski 
have  made  use  of  the  refractive  indices  to  ascertain  the  composition  of 
the  distillate.  Sometimes  one  of  the  substances  is  of  such  a  nature 
that  it  can  be  readily  determined  by  a  chemical  method.  This  was 
the  case  with  the  mixtures  of  diethylamine  and  acetone  which  I 
examined.  "Whatever  the  method  employed  for  the  analysis,  it  is 
always  very  difficult  to  obtain  a  sample  which  accurately  represents 
the  composition  of  the  vapour  given  off  by  the  liquid  in  the  still. 
Zawidski's  apparatus  was  extremely  ingenious,  and  apparently  as 
perfect  as  it  was  possible  to  make  it,  yet  he  admits  that  some  of  his 
results  are  inaccurate. 

To  every  total  pressure  curve  there  corresponds  only  one  possible 
pair  of  partial  pressure  curves,  consequently  it  should  be  possible  from 
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the  total  pressures  to  calculate  the  partial  pressures.  For  this  purpose, 
it  is,  however,  necessary  to  integrate  the  fundamental  equation  (i),  a 
problem  of  great  difficulty.  Margules  has  given  a  solution  of  the 
problem  and  has  obtained  the  expressions  : 

B<>        Bt 

p.^  =  Tr.2{l  -  xy.e^i-^+i'=^+-i^'+  ■-■■ 

where  tt^,  tt^  are  the  vapour  pressures  of  the  pure  substances.  Each  of 
these  expressions  involves  an  endless  series.  In  order  to  be  able  to 
make  calculations,  Zawidski  has  restricted  them  to  two  terms  each  ; 
Op  ag,  and  ySj,  fi.2-  "^^^^  equations  are  then,  of  course,  only  approxi- 
mately accurate,  but  calculations  based  on  them  are  still  very  tedious. 

In  my  experiments  on  methyl  ethyl  ketone  and  water,  I  was 
particularly  desirous  of  ascertaining  the  course  of  the  partial  pressure 
curves,  but  the  means  and  time  at  my  disposal  rendered  it  impossible 
for  me  to  carry  out  accurate  analyses  of  the  distillates  such  as  those 
made  by  Zawidski.  It  was  therefore  necessary  to  make  use  of  some 
mathematical  method,  but  instead  of  integrating  equation  (i)  by 
calculation,  I  did  it  by  a  simple  graphical  method.  The  total  pressure 
curve  having  been  plotted  on  paper,  the  partial  pressure  curves 
were  roughly  sketched  in  with  the  aid  of  the  known  data.  These  data 
were  the  positions  and  directions  of  the  two  curves  at  either  extremity 
and  their  positions  at  the  points  corresponding  to  the  constant  boiling 
mixture.  At  convenient  intervals,  tangents  to  the  curves  were  drawn 
and  measured,  and  calculations  were  made  to  ascertain  whether  the 
measurements  were  in  agreement  with  equations  (v),  (vi),  and  (viii). 
Where  discrepancies  were  found,  the  curves  were  re-drawn  and  then 
re-tested,  and  these  operations  were  repeated  until  the  curves  were  in 
accord  with  the  equations  throughout  their  course. 

In  order  to  test  this  method,  I  have  applied  it  to  some  of  the 
mixtures  investigated  by  Zawidski.  In  Table  VI  will  be  found  the 
results  obtained  with  mixtures  of  acetone  and  carbon  disulphide. 
Zawidski's  values  for  the  total  pressures  were  first  plotted,  and  the 
partial  pressures  were  obtained  from  them  by  the  graphical  method 
described.  When  all  had  been  read  off,  they  were  compared  with 
Zawidski's  experimental  and  calculated  figures.  It  will  be  seen  that 
my  results  agree  with  Zawidski's  measurements  considerably  better 
than  do  his  own  calculated  results.  The  deviations  are  greatest  at  the 
ends  of  the  curves,  but  as  it  is  exactly  these  measui^ements  which  are 
most  liable  to  experimental  error,  it  is  probable  that  the  values  for  the 
partial  pres.sures  obtained  by  the  graphical  method  are  nearer  to 
tlie  truth  than  those  obtained  by  actual  experiment.  The  results  are 
such  as  to  inspire  full  confidence  in  the  graphical  method. 
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Fig 


Ex2:)eriiiuuts  with  Acetone  and  Trinitroylycerol. 

These  measurements  were  carried  out  in  a  small  glass  pressure- 
gauge,  which  is  shown  diagrammatically  in  Fig.  10.  Some  pure 
nitroglycerol  was  first  weighed 
into  the  small  tube,  A,  acetone 
was  then  added  and  well  mixed 
in  by  means  of  the  stirrer,  B. 
Then,  without  reweighing,  A 
and  B  were  introduced  in  the 
chamber,  C,  the  stopper,  D,  was 
inserted,  and  the  apparatus  was 
exhausted  through  the  cock,  E, 
until  the  pressui*e  of  the  air 
was  reduced  to  a  small  fraction 
of  a  millimetre.  The  whole 
apparatus  was  then  placed  in 
a  thermostat  maintained  at  a 
temperature  of  18°.  Here  it 
was  allowed  to  remain  with  occa- 
sional tapping  until  equilibrium 
was  established  ;  usually  four  or 
five  hours  were  required  on  ac- 
count of  the  viscosity  of  the 
nitroglycerol.  After  the  pres- 
sure had  been  determined,  A 
and  B  were  weighed  and  from 
the  weight  the  composition  of 
the  liquid  was  calculated.  The 
results  are  given  in  Table  Yll 
and  Fig  11,  It  will  be  seen 
that  the  curve  is  of  type  I  A. 

The  vapour  pressure  of  pure 
nitroglycerol  at  the  temperature 
18°  ha.s  not  been  determined 
directly.  But  it  has  been  mea- 
sured at  70°  by  myself  (see  /. 
Soc.  Chem.  Ind.,  1904,  23,  158), 
and  was  found  to  be  0  051  mm. 
of  mercury,  or  almost  exactly 
equal  to  that  of  mercury  itself. 
From  this  it  is  concluded  that 
at  18°  the  vapour  tension  of 
nitroglycerol     is    about     0-001 
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mm.,  and  is  consequently  quite  negligible  as  compared  with  that  of 
acetone.  The  total  pressure  curve  therefore  coincides  with  the  partial 
pressure  curve  for  the  acetone.  It  was  not  considered  advisable  to 
conduct  the  experiments  at  a  higher  temperature,  because  nitro- 
glycerol  has  a  tendency  to  decompose  and  evolve  gaseous  products, 
which  would  vitiate  the    results.     The  vapour  pressure  of  the  pure 

Fig.  n. 
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acetone  was  found  to   be   162-0  mm.,  a  figure   tvhich  agrees  exactly 
with  that  obtained  by  the  extrapolation  of  Regnault's  results. 


Table  Vll. 

Acetone. 

Pressure 

Per  cent. 

X. 

mm. 

0 

0 

0-001 

1-6 

0-050 

4-0 

1-8 

0-068 

5-7 

2-6 

0-110 

9-1 

6-5 

0-215 

21-5 

7-3 

0-236 

24-9 

15-0 

0-408 

41-1 

16-8 

0-440 

46-4 

24-0 

0-545 

61-0 

25-0 

0-566 

68-9 

45-5 

0-766 

105-2 

65-8 

0-883 

137-6 

75-9 

0-929 

148-6 

83-9 

0-933 

151-5 

100-0 

1 

162-0 
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Acetone  and  Diethylamine. 

The  aliphatic  amines  are  amongst  the  substances  which  are  liable 
to  occur  in  minute  traces  in  commercial  acetone  (Marshall,  J.  Soc. 
CJiem.  Ind.,  1904,  23,  645).  Up  to  the  present,  the  only  basic 
substances  which  I  have  succeeded  in  separating  from  this  material 
and  identifying  are  ammonia  and  methylamine,  but  there  may  be 
other  amines  of  higher  molecular  weight  present. 

It  seemed  of  interest  to  examine  the  behaviour  of  mixtures  of 
acetone  and  some  aliphatic  amines,  and  for  the  first  experiments 
diethylamine  was  selected,  because  its  boiling  point  is  almost  exactly 
the  same  as  that  of  acetone.  On  mixing  the  two  liquids  together,  it 
was  found  that  there  was  a  fall  of  temperature,  and  it  was  consequently 
to  be  expected  that  the  volume  of  the  mixture  would  be  greater  than 
the  sum  of  the  volumes  of  the  two  constituents.  This  was  found  to  be 
the  case,  as  is  shown  by  the  following  figures  : 

Table  YIII. 

Acetone.  Diethylamine. 

Sp.  gr.  15715°  in  vaciuim 0-79712  071051 

Volumes  taken    38  c.c.  62  c.c. 

Temperature  before  mixing 13'3°  13'3° 

,,  after        ,,        10"1° 

Sp.  gr.  of  mixture 074267 

Volume  (calculated  from  sp.  gr.)    lOO'lO  c.c. 

The  acetone  had  been  purified  by  conversion  into  the  bisulphite 
compound  and  rectification;  it  boiled  at  56'1°  under  a  pressure  of 
760  mm.  The  diethylamine  was  prepared  by  fractionally  distilling 
a  commercial  sample.  The  fraction  selected  boiled  at  55  "48°  to  55*49° 
under  a  pressure  of  758*8  mm.  This  fractionation  was  carried  out  in  an 
apparatus  consisting  of  a  column  filled  with  glass  beads  and  a 
dephlegmator,  arranged  similai'ly  to  the  plant  employed  on  the 
industrial  scale  for  the  rectification  of  volatile  organic  liquids. 

Upon  distillation,  it  was  found,  as  anticipated,  that  a  mixture 
of  constant  boiling  point  tended  to  come  over  first.  After  a  few 
preliminary  experiments,  a  mixture  was  made  up  containing  about 
60  per  cent,  of  diethylamine.  This  was  fractionated  in  the  apparatus 
already  described  and  the  specific  gravities  of  different  portions  of  the 
distillate  were  determined.  Throughout  the  distillation,  the  thermo- 
meter immersed  in  the  vapour  remained  constant  at  51 '39°  (barometer 
761-5  mm.).  The  first  60  c.c.  of  distillate  had  the  specific  gravity 
0-74058,  a  second  portion  0-74070.  The  apparatus  was  then  dried, 
and  these  distillates  were  returned  to  the  still  and  again  fractionated  ; 
the  first  portion  now  had  the  specific  gravity  0-74071.     To  ascertain 
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the  proportions  of  the  two  constituents  which  correspond  to  this 
specific  gravity,  diiierent  mixtures  were  made  up  and  the  specific 
gravities  were  ascertained.     The  following  were  the  results  : 

Table  IX 

Percentage  of  Sp.  gr.  15715° 

dieth3'lamine.  ia  vacuum.  Air 


59-17  0-74274 

59-63  0-74238 

62-05  0-74045 


Att 

0-00078 
•0-00080 


Taking  the  mean  of  the  three  figures  obtained  from  the  distillates, 
0  74066,  the  composition  of  the  constant  boiling  mixture  is  found  by- 
interpolation  to  be  61-79  per  cent,  of  diethylamine  by  weight  or 
66-21  in  molecular  percentages. 

To  ascertain  whether  more  than  one  mixture  of  constant  boiling 
point  is  formed,  several  different  mixtures  were  submitted  to  fractiona- 
tion, and  the  percentage  of  diethylamine  in  each  distillate  was  deter- 
mined by  titration.  It  was  found  that  in  all  cases  the  composition  of 
the  first  portions  of  distillates  tended  towards  the  percentage  of 
diethylamine  already  found.  The  total  vapour  pressure  curve  therefore 
evidently  belongs  to  type  IIIC.  Only  one  mixture  of  constant  boiling 
point  is  formed  and  this  boils  at  a  temperature  of  about  4°  below  the 
boiling  points  of  the  two  constituents.  This  mixture  contains  61-8  per 
cent,  of  diethylamine  by  weight  or  1*28  molecules  to  each  molecule 
of  acetone. 

Ethyl  Alcohol  and  Methyl  Ethyl  Ketone. 

The  methyl  ethyl  ketone  was  obtained  from  the  last  runnings  from 
the  purification  of  commercial  acetone.  About  a  ton  of  this  was 
fractionated,  a  portion  from  the  middle  of  the  distillate  was  dried  with 
caustic  soda,  and  fractionated  through  the  bead  column  already 
mentioned  ;  the  fraction  selected  for  the  experiments  boiled  at  79-83° 
to  79-84°  under  760  mm.,  but  in  spite  of  the  constancy  of  the  boiling 
point  it  was  found  afterwards  to  be  somewhat  impure  ;  it  had  the  sp.  gr. 
0-811  at  15°.  The  alcohol  was  carefully  purified  and  rectified  and  had 
a  sp.  gr.  of  0-794  at  15°  and  a  boiling  point  of  78-3°  at  760  mm. 
On  mixing  the  two  liquids  there  was  a  fall  of  temperature  and  a 
slight  increase  of  volume.  The  mixture  began  to  boil  at  74-8°,  and 
the  boiling  point  remained  constant  at  75  0°  (barometer,  763  mm.). 
Although  several  different  mixtures  were  distilled,  absolutely  no 
evidence  of  the  existence  of  more  than  one  mixture  of  constant  boiling 
point  could  be  obtained.  The  total  vapour  pressure  curve  belongs 
therefore  to  Type  IIIC. 
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Methyl  Ethyl  Ketone  and  Water. 

The  material  used  for  this  series  of  experiments  was  carefully  purified; 
instead  of  being  merely  dried  and  rectified  as  in  the  last  series,  it  was 
first  dissolved  in  a  40  per  cent,  solution  of  sodium  bisulphite  in  water, 
which  was  then  kept  at  a  temperature  of  about  40°  for  twenty  hours, 
while  air  Avas  drawn  through  it  in  order  to  remove  any  impurities 
which  did  not  form  non-volatile  compounds  with  the  bisulphite.  The 
ketone  was  distilled  off,  the  distillate  was  boiled  to  drive  off  sulphur 
dioxide,  and  then  dehydrated  with  caustic  soda  or  calcium  chloride. 
The  dried  liquid  was  then  submitted  to  fractional  distillation  in  the 
bead  apparatus  with  cooled  still-head.  The  fraction  selected  boiled 
constantly  at  79"57°  under  a  pressure  of  759*7  mm.  and  had  the  sp.  gr. 
0-81005  at  1574°  in  a  vacuum. 

Three  determinations  of  the  boiling  point  were  then  made  at  different 
times  with  the  following  results  : 

Table  X. 

Boiling  point.  Pressure.  B.  p.  corrected  to  760  mm. 
79-57°                          759-7  79-58° 

79-50  758-3  79-57 

79-50  758-4  79-56 

Mean 79-57 

'I  =  25. 
U 

At  temperatures  below  150°,  methyl  ethyl  ketone  is  not  miscible 
with  water  in  all  proportions.  If  a  mixture  which  is  in  two  layers  be 
distilled  it  yields  a  distillate,  which,  although  it  contains  both 
substances,  is  homogeneous.  The  behaviour  of  mixtures  on  distilla- 
tion is  shown  by  the  following  experiments. 

A  mixture  of  three  volumes  of  water  with  two  volumes  of  ketone 
when  distilled  through  the  bead  apparatus  gave  a  distillate  which  had 
the  boiling  point  73-38°  under  755-0  mm.  pressure  and  the  sp.  gr. 
0-83955  at  15°/4°  in  a  vacuum. 

A  second  mixture  which,  although  homogeneous,  contained  an  excess 
of  water  gave  a  distillate  which  had  the  boiling  point  73-38°  under 
755-4  mm.  pressure.  The  sp.  gr.  of  the  first  half  was  0-83956,  of  the 
second  half,  0-83966. 

The  first  and  last  runnings  of  these  distillates  were  discarded,  and 
the  middle  portions  were  returned  to  the  still.  These  gave  a  distillate 
which  had  the  l)oiling  point  73-72°  under  764-3  mm.  pressure. 

A  solution  of  ketone  in  water  which  contained  only  about  15  per  cent, 
of  ketone  gave  a  distillate  which  had  the  boiling  point  73  50°  under 
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758 '3  mm.  pressure.  The  temperature  remained  constant  at  this 
point  until  almost  the  whole  of  the  ketone  had  distilled  over,  then  it 
rose  suddenly  to  the  boiling  point  of  water. 

The  results  of  these  and  some  other  experiments  are  collected  in 
Table  XI. 

Table  XI. 
Properties  of  Constant  Boiling  Mixture  of  Ketone  and  Water. 


B.  p.  corrected 

Sp.  gi-.  1574° 

Boiling  point. 

Pressure. 

to  760  mm. 

in  vacuum. 

73-38° 

755-0 

73-57° 

0-83955 

73-38    - 

755-4 

73-56 

0-83956 

73-72 

764-3 

73-56 

0-83966 

73-53 

758-4 

73-59 

0-83966 

73-50 

758-3 

73-57 

0-83966 

Mean.,.  73*57        Mean...   0-83962 

In  order  to  ascertain  the  composition  of  the  distillate,  a  number  of 
mixtures  of  ketone  and  water  were  made  and  their  specific  gravities 
were  taken. 

Table  XII. 

Specific  Gravities  of  Methyl  Ethyl  Ketone  and  Water. 

Water  by  weight.  Sp.  gr.  1574° 

Per  cent.  in  vacuum. 

0  0-81005 

9-826  0-83590 

11-378  0-83959 

11-468  0-83980 

From  these  figures  it  is  calculated  that  the  mixture  of  constant 
boiling  point  contains 

11-379  per  cent,  of  water.     a;  =  0'6607. 

A  mixture  saturated  with  water  at  15-0°  had  the  sp.  gi".  0-84058,  and 
therefore  contained  11-803  per  cent,  of  water.  At  15°,  the  solubility  of 
water  Jn  the  ketone  is  at  a  minimum,  consequently  there  is  no  diiEculty 
in  obtaining  a  clear  solution  perfectly  saturated  at  this  temperature,  as 
a  rise  or  fall  does  not  cause  the  liquid  to  become  turbid.  The  solubility 
of  the  ketone  in  water  on  the  contrary  decreases  rapidly  with  rise  of 
temperature  at  about  15°,  consequently  attempts  to  take  the  specific 
gravity  of  fhis  saturated  solution  were  unsuccessful. 

The  boiling  points,  of  the  pure  ketone  and  of  the  heterogeneous 
mixture  which  it  forms  with  a  considerable  portion  of  water  were 
determined  at  different  pressures.  The  results  are  given  in 
Table  XIII. 
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Table  XIII. 
Boiling  Points  of  Ketone  and  of  Saturated  Mixtures  with  Water. 

Boiling  temperatures. 


Pressure, 
mm. 

Pure  ketone. 

Mixture  with  water 

760 

79-54 

73-62 

740 

78-73 

72-86 

720 

77-91 

72-09 

700 

77-08 

71-30 

680 

76-24 

70-49 

660 

75-38 

69-66 

640 

74-50 

68-80 

620 

73-58 

67-91 

600 

72-63 

580 

71-63 

560 

70-57 

540 

69-46 

Boiling-point  determinations  were  carried  out  under  the  atmospheric 
pressure  with  a  series  of  mixtures  of  the  two  substances  in  varying 
proportions.  The  determinations  were  made  in  an  ordinary  Beckmann 
apparatus.  The  thermometer  used  was  the  same  as  that  employed  in 
the  former  experiments  :  it  was  divided  into  fifths  of  a  degree  and 
could  be  read  without  difficulty  to  0-01°. 


Table  XIV. 

Boiling  Points 

of  Mixtures  rich  in 

Ketone. 

Ketone. 

Percentage 

B.  p.  at 

by  weight. 

X, 

B.p. 

Pressure 

760  mm, 

100 

1 

79-50° 

758-4 

79-56° 

99-08 

0-9741 

77-65 

77-61 

98-17 

0-9306 

76-36 

76-42 

97-28 

0-8914 

75-48 

75-64 

95-54 

0-8429 

74-43 

74-49 

93-06 

0-7703 

73-76 

73-82 

89-19 

0-673G 

73-68 

73-64 

88-45 

0-6571 

73-57 

73-63 

87-02 

0-6264 

73-60 

73-66 

85-64 

0-5998 

73-61 

73-67 

84-29 

0-5730 

73-61 

73-67  ( 

These  results  are  plotted  in  Fig.  12,  where  they  give  the 
curve  ABC. 

It  will  be  seen  that  between  93  and  84  per  cent.,  the  extreme 
variation  was  only  0'19°  or  about  one  division  of  the  thermometer,  and 
between  89  and  84  percent,  was  only  0-04  or  a  fifth  of  a  division.  As 
these  differences  were  too  small  to  be  observed  with  accuracy,  the 
determinations  were  repeated  with  a  Beckmann  differential  thermo- 
meter divided  into  hundredths  of  a  degree. 
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Ketone. 

Thermometer 

icentage  by  weight. 

X. 

reading. 

89-18 

0-6733 

3-333° 

88-07 

0-6486 

3-332 

86-94 

0-6261 

3-348 

85-60 

0-5978 

3-373 

83-28 

0-5546 

3-387 

81  -03 

0-5163 

3-387 

Fig.  12. 
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These  results  are  plotted  in  Fig.  13  at  yl'^'C",  where  the  temperatures 
are  represented  on  a  scale  many  times  as  great  as  that  used  for  the 
results  of  Table  XIV.  From  this  curve  the  solubility  of  water  in 
ketone  at  the  boiling  point  can  be  readily  ascertained,  as  the  curve  at 
C  has  a  sharp  break  corresponding  with  the  saturation  point.  At  the 
temperature  73-6°  a  saturated  solution  of  water  in  the  ketone  contains 
14"95  per  cent,  of  water. 

A  source  of  error  which  must  not  be  lost  sight  of  in  determinations 
of  this  sort  lies  in  the  fact  that  the  liquid  mixture,  when  in  a  state  of 
ebullition,  has  not  quite  the  same  composition  as  when  originally  made 
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up,  for  a  portion  of  it  is  in  a  state  of  vapour  or  of  condensate  flowing 
back  into  the  boiling  vessel,  and  this  portion  has  not  the  same  composi- 
tion as  the  main  bulk  of  the  liquid.  But  in  the  case  of  the  mixtures 
dealt  with  in  Tables  XIV  and  XY  the  composition  of  the  vapour  is 
never  very  different  from  that  of  the  liquid,  and  consequently  this 
source  of  error  may  here  be  safely  neglected. 

The  boiling  points  of  mixtures  containing  much  water  and  little 
ketone  wei'e  also  determined  in  the  same  manner,  and  are  given  in 
Table  XVI. 

Fig.  13. 
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Table  XVI. 
Boiling  Points  of  Mixtures  poor  in  Ketone. 


rrcsyiu't 


0 

0 

0-4 

0-001 

1-2 

0-003 

27 

0-007 

4-6 

0-012 

6-4 

0-017 

8-2 

0-022 

9-9 

0-026 

11-5 

0-031 

12-n 

0-035 

VOL. 

LXXXIX. 

Ft 

•st  Series 

100 

13 

76 

99 

3 

97 

3 

93 

1 

87 

4 

83 

3 

80 

8 

78 

8 

77 

2 

70 

2 

B.  1 

.  at 

760  mm. 

100-0' 

99 

2 

97 

2 

93 

0 

87 

3 

83 

2 

80 

7 

78 

7 

77 

1 

76 

1 
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Tablk  XVI  {continued). 
Boiling  Points  of  Mixtures  poor  in  Ketone, 


Ketone. 

Percentage 

B.  p.  at 

by  weight. 

o:. 

B.  p. 

Pressure. 

760  mm. 

Second  Scries. 

11-9 

0-0324 

76-64 

764-2 

76-47 

14-0 

0-0390 

75-43 

75-26 

15-9 

0-0451 

74-54 

74-37 

15-9 

0-0453 

74-52 

74-35 

16-3 

0-0461 

74-40 

74-23 

16-6 

0-0477 

74-23 

74-06 

16-9 

0-0481 

74-22 

74-05 

17-2 

0-0493 

74-12 

73-95 

17-5 

0-0504 

74-03 

73-86 

17-8 

0-0512 

74-05 

73-88 

17-8 

0-0516 

74-00 

73-83 

18-2 

0-0528 

73-94 

73-77  Liquid  cloudy 

18-8 

0-0550 

73-93 

73-76 

19-6 

0-0573 

73-91 

73-74 

21-3 

0-0630 

73-91 

73-74 

50-0 

0-2000 

73-87 

73-70 

These  boiling-point  determinations  were  not  so  satisfactory  as  those 
made  with  mixtures  containing  much  ketone,  because  the  thermometer 
was  not  veiy  steady,  and  the  results  when  plotted  did  not  fall  quite 
on  a  curve  of  the  type  IV.  The  reason  is  easy  to  see  ;  not  only 
has  the  vapour  a  composition  very  different  from  that  of  the  liquid, 
but  it  condenses  into  drops  which  do  not  mix  readily  with  the  bulk  of 
the  liquid  in  the  boiling  tube,  and  only  dissolve  slowly.  Conse- 
quently, the  boiling  liquid  never  had  the  composition  as  made  up  and 
as  given  in  the  first  and  second  columns  of  Table  XVI,  but  always 
contained  appreciably  less  ketone.  The  results  are  especially  unsatis- 
factory when  nearing  the  saturation  point,  because  the  condensate 
then  dissolves  very  slowly  in  the  main  bulk  of  the  liquid.  Only  when 
there  is  a  very  large  excess  of  ketone  present  can  the  true  boiling 
point  of  the  heterogeneous  mixture  be  obtained. 

It  is  not  possible  therefore  to  determine  with  accuracy  from  the 
boiling-point  curve  the  strength  of  the  saturated  solution  of  ketone  in 
water.  Rothmund  [Zeit.  physikal.  Chem.,  1898,  26,  433)  ascertained 
the  mutual  solubility  of  methyl  ethyl  ketone  and  water,  and  of  other 
pairs  of  liquids,  by  heating  together  mixtures  of  known  composition, 
and  noting  the  temperatures  at  which  dissolution  was  complete,  or  the 
liquid  became  cloudy.  His  results  for  this  pair  of  liquids  are  plotted 
in  Fig.  12,  thus,  x  .  I  have  also  made  a  few  determinations  by  the 
same  method  in  order  to  be  able  to  estimate  the  solubility  of  the 
ketone  in  water  at  73-6°.     The  mixtures  examined  became  clear  when 


BINARY   MIXTURES.      PART   I. 


1381 


heated,  and  then  at  the  higher  temperature  became  cloudy  again. 
The  results,  together  with  those  obtained  by  me  by  other  methods,  are 
given  in  Table  XVII,  and  are  marked  in  Fig.  12  thus,  O. 


Table 

XVII. 

Mutual  Solubility  of  Methyl  Ethyl  Ketone 

and  Water. 

Ketone. 

Temperatui'e. 

Percentage  by 

weight. 

>■'.'. 

Method. 

64-7'' 

18-15 

0-05252 

Sealed  tube. 

65-5 

18-08 

0-05229 

9) 

73-6 

18-00 

0-05202 

Estimated. 

91-0 

18-08 

0-05229 

Sealed  tube. 

93-5 

18-15 

0  05252 

9  9 

150 

88-20 

0-6513 

From  sp.  gr. 

73-6 

85-05 

0-5872 

From  b.  p.  curve 

In  calculating  the  solubility  of  ketone  in  water  at  73'6°,  the  amount 
of  water  which  separated  from  the  18'08  per  cent,  mixture  at  this 
temperature  was  roughly  measured  and  allowed  for. 

The  solubilities  as  measured  by  myself  by  whatever  method,  whether 
they  be  those  of  water  in  ketone  or  ketone  in  water,  are  invariably 
greater  than  those  given  by  Rothmund.  The  discrepancy  is  probably 
due  to  the  presence  of  impurity  in  the  material  used  by  Rothmund. 
He  has  himself  called  attention  to  the  great  influence  which  the  presence 
of  even  a  small  proportion  of  a  foreign  substance  may  exert,  but 
nevertheless  he  gives  no  details  from  which  the  purity  of  the  ketone 
he  used  can  be  gauged,  and  he  does  not  state  that  he  submitted  it  to 
any  purification. 

One  of  the  most  striking  features  of  Fig.  12  is  its  great  resemblance 
to  the  diagrams  which  represent  the  solubilities  and  melting  points  of 
pairs  of  substances,  one  or  both  of  which  are  fusible  solids  and  which 
are  partially  miscible  in  the  molten  state  (compare  Rothmund,  loc.  cit., 
p.  485;  AlexeefE,  Ann.  Phys.  Chivi,  1886,  28,  332).  This  is  another 
instance  of  the  analogies  which  exist  between  freezing  and  boiling 
points. 

From  the  boiling  points  under  constant  pressure,  the  vapour  pres- 
sures at  constant  temperature  can  be  calculated  by  the  method 
described  above,  and  from  the  total  pressures  the  partial  pressures 
can  be  obtained  by  the  graphical  method.  These  operations  have  been 
carried  out  for  the  temperature  73-6°  and  the  results  are  given  in 
Table  XVIII  and  Fig.  U. 
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Table 

XVIII. 

'a2)our  Pressures 

of  Mixtures  of  Ketone  and  Water 

atlZ 

X. 

P. 

Pk. 

Pw. 

1-0 

619-7 

619-7 

0 

0-95 

680-0 

590-0 

90-0 

0-90 

714-0 

568-0 

146  0 

0-85 

735-0 

547-0 

188-0 

0-80 

748-0 

532-0 

216-0 

0-75 

757-0 

519-0 

238-0 

070 

760-4 

508-0 

252-4 

0-6606 

760-9 

502-7 

258-2 

0-65 

760-9 

501-6 

259-3 

0-60 

759-8 

497-0 

262-8 

0-5872 

759-4 

495-8 

263-6 

0-05202 

759-4 

495-8 

263-6 

0 

273-0 

0 

273-0 

Fig.  14. 
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The  dotted  lines  show  the  approximate  course  which  the  curves  would 
take  in  the  central  portion,  if  it  were  possible  to  pass  from  the  com- 
position B  to  the  composition  C  without  the  liquid  separating  into 
two  layers.     As  a  matter  of  fact,  it  always  separates  into  two  liquids, 
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having  the  compositions  B,  C,  and  consequently  the  vapour  pressures 
actually  found  for  this  central  portion  are  given  by  the  horizontal 
straight  lines. 

Metliyl  Acetate  and  Water. 

The  material  used  for  this  series  of  experiments  was  not  so  pui'e  as 
the  methyl  ethyl  ketone  employed  in  the  last  series,  but  the  amount 
of  impurity  present  was  certainly  very  small,  and  insufficient  to  have 
any  considerable  effect  on  the    results   obtained.     The   experiments 

Fig.  15. 
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were  not  so  numei'ous,  as  their  object  was  to  ascertain  the  general 
type  of  the  vapour  pressure  curves  rather  than  to  obtain  complete 
data.  The  methyl  acetate  was  purified  by  drying  the  commercial 
product  with  calcium  chloride  and  fractionally  distilling  it.  The 
fraction  selected  had  the  specific  gravity  0'939  at  17°  and  boiled  at 
56'8°  to  57'0°  under  a  pressure  of  758'6  mm.,  equivalent  to  56"85°  to 
57-05"  at  760  mm.,  as  8P/8<  =  26-8  mm.  per  degree.  The  results  of 
the  boiling-point  determinations  are  given  in  Table  XIX.  The  vapour 
pressures  have  been  calculated  from  these  and  are  plotted  in  Fig.  15. 
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Table  XIX. 

RESSUl 

RES   OF 

B.  p. 

Pressure. 

B.p. 

at  760  mm. 

Methyl 

acetate  with  little 

water. 

56-93° 

758-6 

56^98' 

56 -43 

56^48 

56^78 

56  ^83 

57-03 

57^08 

57^05 

5710 

57-07 

57  •1-2 

57-11 

57-16 

57  •le 

57-21  Liquid  cloudy 

57-16 

57-21 

57-17 

57-22 

57-17 

57-22 

Water  with  little  methyl  acetate. 


0 

99-9 

757-G 

100-0 

0  0091 

86-8 

86-9 

00179 

75^8 

75-9 

0-0267 

69^8 

69-9 

0-0353 

65^6 

65-7 

0-0437 

62^7 

62-8 

0-0520 

60-65 

60-74 

0-0601 

59-28 

59-37 

0-0682 

58-38 

58-47 

0-0761 

57-75 

57-84 

0-0838 

57-39 

57-48 

0-0875 

57-31 

57-40 

0-0901 

57-26 

57-35 

0-0914 

57-24 

57-33 

0-0930 

57-23 

57-32 

0-0959 

57-21 

57-30 

0-1062 

57-20 

57-29 

0-1720 

57-21 

57-30 

Table 

XX. 

Vapour 

Pressures 

of  Mixtm 

'CS 

of  Methyl 

Acetate  and 

Wai 

X. 

P. 

Pe. 

Pw 

1 

0 

760-5 

760 

5 

0 

0 

90 

776 

698 

78 

0 

85 

774 

678 

96 

0 

75 

765 

654 

111 

0 

65 

754 

633 

121 

0 

092 

754 

633 

121 

0 

05 

660 

535 

124 

0 

129 

0 

129 

Ether  and  Water. 

Only  mixtures  rich  in  ether  were  examined.  The  material  was 
obtained  by  the  fractional  distillation  of  a  good  commercial  example. 
The  fraction  selected  boiled  at  34-21°  to  34-22°  under  a  pressure  of 
755-2  mm. 
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Table  XXT. 

PART   I. 

X, 

B.  p. 

Pressure 

0 

34-19° 

754-5 

0-106 

34-01 

0117 

34-00 

0-1 22 

34-00 

0-136 

33-98 

0-144 

33-98 

0-164 

33-99 

0-192 

33-98 

0-206 

33-97 

0-222 

33-95 

0-263 

34-02 

0-323 

34-46  (?) 

0-373 

34-49  (1) 
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These  data  not  being  very  numerous,  the  partial  pressures  have  not 
been  calculated, 

Amyl  Alcohol  and  Water. 

A  few  experiments  were  performed  with  mixtures  of  these  two 
substances.  The  alcohol  was  not  specially  purified,  and  doubtless 
contained  several  isomerides.  The  figures  ai'e  given  here,  as  details  of 
pressure  curves  of  type  IVC  are  almost  entirely  wanting. 


Table  XXII. 

X. 

B.  p. 

Pressiu'e 

0 

99-85' 

756-0 

0-0075 

95-11 

0-0082 

94-94 

0-0122 

94-68 

0-0150 

94-68 

Summary. 

1.  The  curves  showing  the  variations  of  partial  pressure  with  mole- 
cular composition  may  be  classified  into  four  types.  Of  these,  three 
relate  to  substances  which  are  miscible  in  all  proportions,  and  are  dis- 
tinguished one  from  the  other  according  as  pjx,  the  partial  pressure 
divided  by  the  molecular  proportion,  is  less  than,  equal  to,  or  greater 
than,  the  vapour  pressure  of  the  pure  substance. 

2.  The  corresponding  total  pressure  curves  are  obtained  by  adding 
together  the  two  partial  pressure  curves  which  are  of  the  same  type. 
By  differentiating  the  equation  of  Duhem  and  Margules,  it  has  been 
found  possible  to  divide  the  total  pressure  curves  into  twelve  types. 

'5.  All  these  twelve  types  of  total  pressure  curv  ai'e  already  known 
to  occur,  although  in  some  cases  more  detailed  e'^'jeriments  are  to  be 
desired. 
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4.  It  has  been  shown  that  with  substances  miscible  in  all  propor- 
tions only  one  maximum  or  minimum  can  occur  in  the  total  pressure 
curve. 

5.  The  rule,  called  by  Duhem  "Regnault's  law,"  that  in  the  case 
of  partially  miscible  liquids  the  total  pressure  of  the  heterogeneous 
mixture  is  equal  to  the  vapour  pressure  of  the  more  volatile  con- 
stituents in  the  pure  state,  has  been  shown  to  be  approximately  true 
in  the  case  of  methyl  acetate  and  water  as  well  as  in  that  of  ether 
and  water,  but  it  has  also  been  shown  that  the  rule  is  a  rough  approxi- 
mation, and  is  applicable  only  to  some  cases. 

6.  The  vapour  pressures  of  the  following  pairs  of  liquids  have  been 
investigated  experimentally  :  nitroglycerol  and  acetone,  diethylamine 
and  acetone,  ethyl  alcohol  and  methyl  ethyl  ketone,  water  and  methyl 
ethyl  ketone,  water  and  methyl  acetate,  water  and  ether,  water  and 
amyl  alcohol, 

7.  Methods  for  determining  and  calculating  the  total  and  partial 
pressures  of  binary  mixtui-es  have  been  discussed. 


CXXXVI. — A  Neiv  Method  for  the  Measurement  of 
Hydrolysis  in  Aqueous  Solutions,  based  on  a 
Consideration  of  the  Motion  of  Ions.  A  Cor- 
rection. 

By  Robert  Beckett  Denison  and  Bertram  Dillon  Steele. 

In  a  recent  paper  (Trans.,  1906,  89,  1010)  the  authors  gave  figures 

for  the  affinity  constant  of  aniline  and  ortho-  and  joara-toluidine  at  18°. 

These  numbers  were  calculated  from  data  obtained  for  the  hydrolysis 

constant   K  of  the  hydrochloride  of  the  base   and   the   dissociation 

Kb 
constant  of  pure  water  Kio  according  to  the  relation  K=  — -. 

Kw 

Unfortunately,   through  an  oversight,   the   value  of   Kw  for    25°, 

1*2  X  10~i*,  was  inserted.      The  value  of  Kw,  however,  depends  on  the 

temperature,   and   at  18°  is  only  0'64xlO~^*.      The  values  for    Kb 

at  1 8°  thus  become  : 

Aniline   4-0    x  IQ-io 

joara-Toluidine   16*4    x  10"^*^ 

orfAo-Toluidine  2-95  x  lO'i^ 


( 
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And  at  25°  as  before  : 

Aniline   5-2    xlO'io 

^rtm-Toluidine    22'0    x  IQ-^o 

or^Ao-Toluidine   35    x  IQ-io 

The  variation  in  "  strength  "  of  the  base  with  temperature  is  thus 
not  so  pronounced  as  was  apparent  from  the  numbers  previously  given. 

We  have  to  thank  Professor  Abegg,  of  Breslau,  for  kindly  pointing 
out  this  error. 

Heuiot-Watt  College, 
Edinburgh. 


CXXXVII. — Dinaphthacridines. 

By  Alfred  Senier  and  Percy  Corlett  Austin. 

It  may  in  the  first  place  be  useful  briefly  to  review  the  present 
position  of  the  theoxy  of  the  constitution  of  the  dinaphthacridines. 
As  was  pointed  out  by  one  of  us  {Brit.  Assoc.  Beport,  1903,  616  ; 
Chem.  News,  1903,  88,  272),  the  existence  of  six  isomeric  compounds 
is  to  be  expected,  and  of  these,  four  are  known. 

Making  use  of  the  notation  proposed  in  the  communication  referred 
to,  it  will  be  observed  that  one  of  these  is  an  a-N-a  compound,  two  are 
a-N-fS  compounds,  and  three  are  (3-^-/3,  thus  : 

One  a-N-a  : 


Two  a-N-^ : 


(Senier  and  Goodwin.) 


(UUmann  and  Fetvadjian.)  ^ 


1388 


SENIER    AND   AUSTIN  :   DINAPHTHACRIDINES 


Three  j8-N-/3 
D. 


^. 

F. 

N 

N 

/  13  \/       \/   1    \/   2   \ 

11'?                    1                               ■                            1                        1i 

/  12  \/  13  \/       \/'    1    \/        \ 

111                     1                            1                               1                             1                       ^1 

1                II            4 

111      1        r<TT 

Hi          1       1      1     4I 

CH 

\  9  /               7 

7 

(Strohbach. ) 

(Unknown. ) 

(Reed.) 

The  behaviour  of  ^-naphthylamine  towards  methylene  di-iodide 
leads  us  to  suppose  that  in  the  preparation  of  dinaphthacridines  with 
the  use  of  methylene  compounds,  the  normal  course  of  the  reaction 
can  be  divided  into  four  stages  :  first,  condensation  of  the  primary  to 
a  secondary  amine ;  secondly,  further  condensation  to  a  dihydro- 
dinaphthacridine  ;  thirdly,  oxidation  to  a  "  naphthacrihydridine  "  of 
the  type  of  Morgan's  "  isonaphthacridine,"  which  we  should  prefer  to 
designate  as  "  bisdinaphthacridine  dihydride,"  [CgiH^gNjgHg ;  lastly, 
oxidation  to  a  dinaphthacridine.  In  our  experiments  with  benzal 
chloride  (phenylmethylene  dichloride)  and  y8-naphthylamine,  we  find 
that  we  can  vary  the  conditions  so  as  to  obtain  either  the  dinaphth- 
acridine or  the  dinaphthylamine,  and  in  the  case  of  the  corresponding 
reaction  with  ethylidene  chloride  (methylmethylene  dichloride)  we 
have  not  been  able  to  get  the  reaction  to  go  beyond  the  first  stage. 

That  a  secondary  amine  is  first  formed  finds  additional  support 
in  the  well-known  synthesis  of  diphenoacridine  and  phenonaphth- 
acridine  from  secondary  amines. 

I  Dinaphthacridine  ("a-naphthacridine,"  Senierand  Goodwin) 

has  the  structure  represented  by  the  graphic  formula  A.  It  is 
obtained  by  the  condensation  of  two  molecules  of  a-naphthylamine, 
forming  in  the  first  place  aa-dinaphthylamine.  Hence  the  dinaphth- 
acridine must  be  an  a-N-a  compound,  for  which  only  one  foi-mula  is 
possible. 

We  find  that  a-naphthylamine  gives  with  benzal  chloride  (phenyl- 
methylene  dichloride)  the  corresponding  7-phenyldinaphthacridine. 
The  constitution  of  the  latter  compound  receives  independent  proof 
from  the  fact  that  we  have  also  prepared  it  by  the  action  of 
benzaldehyde  on  a  mixture  of  a-naphthylamine  and  a-naphthol. 

That  Reed's  "  )8-naphthacridine  "  is  a  dinaphthacridine  possessing 
the  formula  D  is  also  now  placed  beyond  much  doubt.  Its  formation 
from  two  molecules  of  /S-naphthylamine  and  methylene  compounds, 
and  also  by  condensation  of  the  reaction  product  of  ^-naphthol  and 
/S-naphthylamine  by  means  of  trioxymethylene  (TJllmann  and  Fetvad- 
jian,  Ber.,  1903,  36,  1027),  proves  conclusively  that  the  base  is  of  the 
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type  /3-N-/8.  Another  synthesis  of  the  same  compound  by  these 
investigators  proves  that  one  of  the  CH  linkings  is  a ;  for  they  obtain 
it  from  the  reaction  of  2  : 2-dihydroxy-l  :  1-dinaphthylmethane  with 
)8-naphthylamine.  In  this  reaction  one  naphthol  group  is  eliminated, 
which  leaves  the  position  of  the  C  linking  on  that  side  still  unproved, 
The  nitrogen  must,  however,  join  the  ring  at  the  position  of  the 
^-hydroxyl. 

That  the  base  is  symmetrical  and  has  the  formula  D,  not  E  (the 

only  other        i       isomeride  possible),  may  be  assumed  in  view  of,  first, 

the  analogy  between  its  synthesis  and  that  of  the  corresponding  a-N-a 
compound;  secondly,  for  the  reasons  given  by  Strohbach  (Ber.,  1901, 
34,  4146)  in  regard  to  the  greater  readiness  with  which  substitution 
takes  place  in  the  a-position  in  the  case  of  )8-naphthylamine  compounds 
(Mohlau  and  Strohbach,  Ber.,  1900,  33,  804);  thirdly,  the  laws  put 
forward  by  Hinsberg  {Ber.,  1902,  36,  4051),  who,  from  a  study  of 
condensed  six-membered  ring  compounds  of  carbon  or  of  carbon  and 
nitrogen,  concludes  that  those  which  contain  rings  joined  at  an  angle, 
angular,  are  more  stable  than  those  in  which  the  rings  ai-e  in  a  line, 
linear. 

Strohbach' s  dinaphthacridine  is  prepared  from  /3^-dinaphthylamine- 
2  :  3-monocarboxylic  acid,  which  shows  that  the  condensation  product 

derived  from  it  must  be  of  the  type      JL„  ^-    Its  formula  must  there- 

•'^        CH-/3 

fore  be  E  or  F.     E  is  chosen  for  the  reasons  stated  above. 

When  equal  weights  of  a-naphthyl amine  and  y8-naphthylamine  are 
melted  together  and  brought  into  reaction  with  methylene  dichloride  or 
methylene  di-iodide  the  resulting  base  is  the  same  as  the  dinaphthacri- 
dine first  obtained  by  UUmann  and  Fetvadjian  by  the  action  of 
trioxymethylene  on  a  mixture  of  a-naphthylamine  and  ^-naphthol. 
That  this  compound  has  the  formula  B  as  stated  by  these  chemists  is 
settled  beyond  doubt,  though  from  both  the  above  methods  of  synthesis 
the  formula  C  might  also  be  inferred.  The  fact,  however,  that  it  can 
be  obtained  by  the  action  of  a-naphthylamine  on  2  :  2-dihydroxyl  :  1- 
dinaphthylmethane  by  replacement  of  one  /3-naphthol  group  shows  that 
the  CH  group  is  linked  on  one  side  in  the  a  position  and  on  the  other  side 
in  the /3- position.     This  excludes  formula  C  and  establishes  formula  B. 

A  fuller  investigation  of  the  r^  hrr  n  dinaphthacridine  was  the  object 

in  the  first  instance  of  the  experiments  still  to  be  described.  It  had 
been  obtained  from  a-naphthylamine  (2  mols.)  condensed  by  means  of 
methylene  di-iodidc.  This  method  does  not  give  a  good  yield,  but  we 
are  now  al)le  to  suggest  important  iuopi'ovements. 

Our  attempts  to  replace  methylene  di-iodide  by  formaldehyde  have 
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been  without  success,  but    we  have  found  that  methylene  dichloride 

may  be  used  to  great  advantage,  a  good  yield  of  the  base  being  easily 

obtained. 

Further,  using  the  analogous  ethylidene  chloride   (methylmethylene 

dichloride)  and  benzal  chloride  (phenylmethylene  dichloride),  we  have 

synthesised   two   new   derivatives,    namely,    methyl    dinaphthacridine 

a-N-a  ,      T  ,    ,.         ,    ,         .,.        a-N-a  m    n  i     • 

^  A,,r    ^  and  phenyl  dinaphthacridine  „   '  ^.    ^.    io these  derivatives 

/5-CMe-/3  ^       "^  ^  l3-CTh-j3 

and   those   described   previously    (Senier    and    Goodwin)    should    be 

added     the  dinaphthacridine  disulphonic  acid  discovered  by  Mohlau 

and  Haase  {£er.,  1902,  35,  4175). 

The  generality  of  the  methylene  dichloride  method  is  also  shown  by 

its  application    to    the  synthesis    of   the    already  known  ^  '  ^t    ^^^ 

p-L/ti-a 

1^     dinaphthacridines  and      '  phenyl   dinaphthacridine.      In 

a-CH-a  a-CPh-a 

the  case  at  least  of  a-compounds  it  is  by  far  the  best  method  on 
account  of  the  good  yield  and  freedom  from  by-products.  The  applica- 
tion of  the  use  of  methylene  di-iodide  is  extended  to  the  synthesis  of 

I  ^      dinaphthacridine  and  to  Morgan's  "  isonaphthacridine." 


1.     Synthesis    of    Dinaphthacridines    by    the    Interaction    q/ 
Methylene  Dichloride  or  its  Analogues  and  Naphthylamiaes. 

1.     Methylene  Dichloride  and  a-Naphthylamine.      n  nvr  p      Dinaphth- 
acridine {"  a-Naphthacridine,"  Senier  and  Goodwin), 

N__ 
CioH6<C  ^jj^CioHg. 

Owing  to  the  low  boiling  point  of  methylene  dichloride  (42°),  the 
reaction  cannot  be  carried  out  in  an  open  vessel,  as  is  the  case  when 
the  di-iodide  (b.  p.  180°)  is  used.  The  experiments  were  made 
therefore  in  a  closed  tube  heated  to  220 — 230°  for  one  or  two  hours. 
It  was  noticed  that  pale  yellow  crystals  began  to  collect  at  the  cooler 
end  of  the  tube  when  the  temperature  of  the  furnace  was  about  210°. 
It  was  not  found  necessary  to  use  pure  methylene  dichloride  ;  the 
commercial  product  (Kahlbaum's  "refined  ")  was  employed. 

Theoretical  proportions  were  taken,  namely,  a-naphthylamine 
(2  mols.)  and  methylene  dichloride  (1  mol.).  On  opening  the  tube  a 
mixture  of  methylated  spirit  and  a  small  proportion  of  concentrated 
aqueous  potassium  hydroxide  was  added  and  the  whole  heated  on  the 
water-bath  for  a  few  minutes. 
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The  liquid  was  then  separated  from  the  viscous  residue  which  con 
tained  the  base  and  the  latter  was  washed  with  cold  acetoue,  which 
left  the  base  undissolved  in  a  crystalline  form.  The  crystals  were 
washed  on  a  filter  with  more  acetone  and  then  with  water,  to  remove 
any  potassium  chloride,  and  finally  dried  at  100"^  and  recrystallised  once 
or  twice  from  benzene.  It  was  rarely  necessary  to  recrystallise 
further. 

Dinaphthacridines  are  remarkable  generally  for  their  stability. 
They  may  be  distilled  in  a  partial  vacuum  without  diificulty  and,  when 
pure,  without  decomposition.  This  process  is,  however,  not  necessary 
as  a  means  of  purification.  In  this  instance  the  crystals  melted 
constantly  at  185"5°  (ISO'^  corr.)  whether  distillation  was  employed  or 
not.  This  melting  point  should  be  substituted  for  that  previously 
given  (Senier  and  Goodwin,  Trans.,  1902,  81,  288).  The  crystals  are 
triboluminescent.  Reed's  base  is  known  to  possess  this  property 
(Morgan,  Chem.  News,  1905,  92,  219  ;  compare  Ber.,  1904,  37,  3697, 
foot-note). 

0-1730  gave  0-5725  CO.^  and  00758  H^O.     0  =  90-25;  H  =  4-86. 
0-4117  gave  17-2  c.c.  N  at  10-5°  and  773  mm.     N  =  5-08. 

Co^H^gN  requires  C  =  90-32  ;  H  =  4-66  ;  N  =  5-02  per  cent. 

In  addition  to  the  derivatives  previously  described  we  have 
prepared  the 

/N — V. 

Aurichloride,  C^oHj;"^  I     x->CjoH^;,HAuClj. — This    is    obtained    by 

adding  a  few  drops  of  a  concentrated  solution  of  gold  chloride  to  a 
solution  of  the  base  in  a  mixture  of  glacial  acetic  acid  with  a  small 
proportion  of  concentrated  hydrochloric  acid. 

The  orange  precipitate  is  washed  first  with  a  little  warm  glacial 
acetic  acid  and  then  with  dry  ether.  It  was  dried  at  105°  and 
analysed  : 

0-1509  gave  0-0477  Au.     Au  =  31-61. 

CjiHj^NCl^Au  requires  Au  =  3r82  per  cent. 

2.  Methylene  Bichloride  and  a  Mixture  of  a-  and   fi- Naj)hthijlaiiiiMs. 

•  ^      Dinaphthacridine  (Ullmann  and  Fetvadjian), 
p-Kjix-a 

When  methylene  dichloride  (1  mol.)  is  heated  in  a  closed  tube  with 
a-naphthylamine  (I  mol.)  and  /?-naphthylamine  (1  mol.)  at  240°  for 
one  hour,  and  the  contents  treated  as  in  (1),  yellow  crystals  are 
obtained  which  melt  at  223^^  (corr.  228°).     There  can  bo  no  doubt  that 
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this  compound  is  identical  with  the  dinaphthacridine  of  TJllmann  and 
Fetvadjian  [Ber.,  1903,  36,  1027).  For  the  sake  of  comparison, 
however,  we  prepared  that  base  according  to  the  directions  given  in 
their  paper.  The  two  preparations  were  found  to  be  identical.  These 
chemists  used  a-naphthylamine  and  )8-naphthol,  but  having  some 
difficulty  at  first  in  finding  the  requisite  temperature  to  bring  about 
the  reaction,  we  tried  a-naphthol  and  /3-naphthylamine,  with  the 
interesting  result  that  the  base  was  produced  more  readily. 

This  also,  after  frequent  recrystallisation,  melted  constantly  at  the 
same  temperature.     It  does  not  exhibit  triboluminescence. 

0-1916  gave  0-6329  CO2  and  0-0837  HgO.     0  =  90-08  ;  H  =  4-85. 
0-3526  gave  15-5  c.c.  Nat  15°  and  761-5  mm.     N  =  515. 
CaiHjglSr  requires  C  =  90-32  ;  H  =  4-66  ;  N  =  5-02  per  cent. 

We  have  prepared  the  following  new  derivatives  : 

N 
Platinkhloride,  [C^Q^^<^Ji~y^Q^Q^^^IL^iQ\Q,2B.p.—A.  mixture  of 

Cxi 

glacial  acetic  acid  and  hydrochloric  acid  is  generally  a  most  convenient 
solvent  for  dinaphthacridines.  This  one,  however,  is  only  very 
slightly  soluble  in  solvents  suitable  for  the  preparation  of  salts.  A 
dilute  solution  was  prepared  in  alcohol  acidified  with  hydrochloric  acid, 
and  from  this,  on  adding  platinic  chloride,  a  bright  yellow  precipitate 
was  obtained,  which,  on  drying  in  the  desiccator,  gave  the  following 
numbers  on  analysis  : 

0-1098  gave  0-0210  Pt.     Pt=1912. 

C^oHggOgNgClgPt  requires  Pt=  19-42  per  cent. 

N_ 
Bisdinaphthacridine     hexabromide,     [C^o^6'\riiT^^io^(;]2^^"6»    ^^^ 

CH 

precipitated  as  an  orange-yellow  powder  when  solutions  of  bromine 

and  the  base  in  chloroform  were  mixed.     The  precipitate  was  collected 

on    a    filter,    washed    with    dry   ether,   and    dried    in    the    oven   at 

105—106°. 

0-1014  gave  0-1090  AgBr.     Br  =  45-73. 

C^gHggNgBrg  requires  Br  =  46-2  per  cent. 

It  is  an  isomeride  of  the  two  compounds  previously  described  by  us 
(Trans.,  1904,  85,  1204,  1205). 


SENIER   AND   AUSTIN  :    DINAPHTHACRIDINES.  1393 


3.   Methylene    Dichloride  and   (S-N'aphthylamine.  '  Dinaphth- 

acridine  ('*  ^-N'aphthacridiiie,''  Reed),  CiQHg<^  i   ^C^oHg. 

Methylene  dichloride  (1  mol.)  aud  /3-naphthylatnine  (2  mols.)  were 
heated  in  a  closed  tube  at  200°  for  two  hours  and  treated  as  above. 
Reed's  dinaphthacridine  was  obtained  in  good  yield. 


•t.  Ethylidene    Chloride  and   a-Naphthylamine.      ^  Aat    q      Methyldi- 
7iaphthacridine  (7 -Methyl  derivative  of  Senierand  Goodwin's  base), 

Ethylidene  chloride  (1  mol.)  and  a-naphthylamine  (2  mols.),  heated  in 
a  closed  tube  at  220 — 230°  for  two  hours  and  treated  as  previously 
described,  gave  a  base  crystallising  in  distinct  greenish-yellow  octa- 
hedra.  The  action  appeai'ed  to  commence  at  215°.  The  crystals  melt 
at  219°  (224°  corr.)  and  do  not  exhibit  triboluminescence. 

0-2138  gave  07080  COo  and  0-1030  H,0.     C  -  9031 ;  H  =  5-35. 
0-2668     „     11  c.c.  N  at  13°  and  758  mm.     N  =  4-86. 

C^H^gN  requires  C  =  90-10  ;  H  =  5-1  2  ;  N  =  4-77  per  cent. 

The  following  derivatives  were  prepared  : 

Hydrochloride,  G-^qHq-^^      ^CioHg,HCl. — A  solution  of  the   base 

in  a  mixture  of  glacial  acetic  acid  and  concentrated  hydrochloric  acid 
deposited,  on  cooling,  yellow  needles.  These  were  recrystallised  from 
the  same  solvent,  washed  with  dry  ether,  and  dried  in  the  desiccator. 
This  salt  is  easily  decomposed  by  water. 

0-2285  gave  0-0941  AgCl.     01  =  10-17. 

CogHigNCl  requires  01  =  10-77  per  cent. 

N — s. 
Aurichloride,  OjQHg<^  i       ^CioHe,HAuCl^. — To   a  hot  solution   of 

the  base,  as  described  above  for  the  hydrochloride,  a  concentrated 
solution  of  gold  chloride  was  added.  A  yellow  precipitate  separated 
on  cooling.  It  was  washed  with  glacial  acetic  acid  and  dry  ether  and 
finally  dried  at  105°.     It  is  easily  decomposed  by  water. 

0-1012  gave  0-0311  Au.     Au  =  30-73. 

Cg^HjgNOl^Au  requires  Au  =  31-12  per  cent. 
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r  N — ^^ 

Flatinichloride,       Ci(jHg<^  I        ^CioHg.HgPtClg 


„2H20.— A    solu- 


tion of  platinic  chloride  was  added  to  a  solution  of  the  base  in  alcohol, 
acidified  with  hydrochloric  acid.  A  yellow  powder  was  precipitated, 
which  was  washed  with  dry  ether  and  dried  in  a  desiccator.  It  is 
easily  decomposed  by  water. 

0-2085  gave  0-0396  Pt.     Pt  =  18-99. 

C^^Hg^jOaNgClgPt  requires  Pt  =  18*89  per  cent. 

Dibromide,  GiqSg^q-\t  r,  ^C^qH^;. — A    solution   of    the   base    was 

prepared  in  glacial  acetic  acid  mixed  with  a  small  proportion  of 
toluene.  To  this  a  solution  of  bromine  in  glacial  acetic  acid  was 
added.  A  yellow  precipitate  appeared,  which  was  separated  at  once, 
washed  with  glacial  acetic  acid,  then  with  dry  ether,  and  dried  at  105°. 
The  compound  is  decomposed  by  water,  but  is  somewhat  soluble  in 
glacial  acetic  acid  or  chloroform.     Its  solutions  do  not  fluoresce. 

0-1888  gave  0-1570  AgBr.     Br  =  35-38. 

^22^15-^-^ ^2  I'equires  Br  =35 '32  per  cent. 

5.  Ethylidene  Chloride  and  a  Mixture  of  a-  and  p-Naphthylamines. 

Ethylidene  chloride  (1  mol.),  a-naphthylamine  (1  mol.),  and 
/3-naphthylamine  (1  mol.)  were  heated  in  a  closed  tube  at  270°  for 
half  an  hour.  The  contents  of  the  tube  were  treated  in  the  manner 
previously  described,  when  crystals  were  obtained  identical  with  the 

base  just  mentioned,  ^  Atit    q  niethyldinaphthacridine.     No  trace  of 

the  desired  compound,  n  K-xr  dinaphthacridine,  nor  of  any  inter- 
mediate product,  could  be  detected. 

6.  Ethylidene  Chloride  and  ^-Naphthylamine. 

Ethylidene  chloride  (1  mol.)  and  /3-naphthylamine  (2  mols.)  were 
heated  in  a  closed  tube  at  250°  for  one  hour.  The  contents  of  the  tube 
were  examined  as  before  and  gave  crystals  of  /8;8-dinaphthylamine. 
Heating  to  a  higher  temperature  caused  decomposition  unless  a  solvent 
was  used.  We  therefore  added  naphthalene  to  a  fresh  portion  and 
heated  it  to  300°.  Even  in  this  case  we  only  obtained  )8/3-dinaphthyl- 
amine. 
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7.   Benzal   Chloride  and  a-Naphthylamine.      r,  k-o-u  p    PJienyldinaphth- 

acridine    (7-Phenyl    derivative    of    Senier   and    Goodwin's    base), 
N — \ 

When  benzal  chloride  and  a-naphthylamine  are  heated  together,  a 
solid  is  readily  formed  which  contains  no  acridine.  If,  however,  such 
a  solvent  as  naphthalene  is  present,  the  acridine  is  readily  obtained  on 
prolonged  heating.  Benzal  chloride  (1  mol.)  is  mixed  with  about  twice 
its  weight  of  naphthalene  and  heated  to  its  boiling  point.  a-Naphthyl- 
amine (2  mols.)  is  then  added  in  small  portions  at  a  time,  the  mixture 
being  kept  agitated  and  in  ebullition.  It  is  best  to  work  with  small 
quantities  at  a  time  in  large  test-tubes,  when  the  heating  can  be 
conveniently  done  in  the  flame.  The  product  is  worked  up  as  before 
and  yields  a  yellow,  crystalline  powder.  This  on  recrystallisation 
twice  from  toluene  or  benzene  assumes  the  form  of  hexagonal  plates 
which  melt  at  224°  (229°  corr.)  and  can  be  distilled.  The  crystals  do 
not  exhibit  triboluminescence. 

01750  gave  0-5853  CO2  and  0-0776  H2O.     0  =  91-21 ;  H  =  4-92. 
0-2815     „     9-8  c.c.  N  at  19-5°  and  767  mm.     N  =  4-02. 

C27H1-N  requires  0  =  91-26;  H  =  4-79;  N  =  3-94  per  cent. 

We  have  also  obtained  the  same  compound  by  the  application  of 
Ullmann  and  Fetvadjian's  method. 

a-Naphthylamine  (2-5  grams)  was  mixed  with  a-naphthol  (3  grams) 
and  heated  to  boiling.  Excess  of  benzaldehyde  was  used,  only  a  few 
drops  at  a  time  being  added.  Heating  was  continued  for  some  time. 
On  cooling,  the  mass  was  boiled  with  a  little  toluene,  filtered,  and  the 
residue  recrystallised  from  more  toluene.  The  resulting  substance  was 
identical  with  that  just  described. 

The  following  derivatives  were  prepared  : 
N- 


Hydrochloi'ide,  CjQHg<;^  i     ^CjoHgjHOl. — Yellow  crystals  of  this 
\j  i  n 

.salt  were  obtained  by  dissolving  the  base  in  a  hot  mixture  of  glacial 

acetic    acid    and    concentrated    hydrochloric   acid    and    allowing    the 

solution  to  cool.     These  were  recrystallised   from  the  same  solvent, 

washed  with  dry  ether,  and  dried  in  a  desiccator. 

0-3415  gave  0-1312  AgCl.     01  =  9-49. 

O27H18NOI  requii-es  01  — 906  per  cent. 

The  specimen  was  evidently  not  quite  pure. 

Flatinic/doride,     rOioHe<^~>Oi,Hj„H.,Pt01„2H20.-To      the 

VOL.    LXXXIX.  4>   Z 
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last-mentioned  solution  of  the  base,  platinic  chloride  was  added,  when 
an  orange  precipitate  was  obtained.  This  was  washed  successively 
with  glacial  acetic  acid  and  dry  ether  and  dried  in  a  desiccator. 

0  0944  gave  0-0160  Pt.    Pt  =  16-94. 

C^JI^^O^'N^Cl^'Pt  requires  Pt  =  16-86  per  cent. 

Aurichloride,   CjoHg<^  i  tji '-^CJjQHgjHAuCl^. — This      was     prepared 
v/ A  n 

from  gold  chloride  in  a  manner  similar  to  that  used   for  the  platini- 

chloride.     It  is  a  yellow,  crystalline  powder. 

0-1445  gave  0-0406  Au.     Au  =  28-09. 

CjyHjgNCl^Au  requires  Au  =  28-34  per  cent. 

8.    Benzal  Chloride  and  a  Mixture  of  a-  and  P-Naphthylamines. 

It   was   hoped    by   this   reaction    to    prepare   the   already    known 

I  phenyldinaphthacridine    (Ullmann    and    Fetvadjian,    Ber., 

p-CPh-a 

1903,  36,  1029),  but  so  far  the  experiment  has  not  yielded  a  definite 

result. 

9.  Benzal    Chloride   and   P-Najjhthylamine.  '  Phenyldinaphth- 

a-UPb-a 

aci'idine  (7-Phenyl  derivative  of  Reed's  base),  CiQHy<^  i       /CjoHg. 

This  reaction  requires  special  care,  as  secondary  products  are  easily 
formed. 

If  the  two  reagents  are  heated  alone,  the  resulting  compound  is 
/3/3-dinaphthylamine.  Generally  the  method  followed  for  the  prepara- 
tion of  the  dinaphthacridine  was  the  same  as  in  the  corresponding 
experiment  with  a-naphthylamiue.  The  benzal  chloride  and  naphthalene 
were  first  heated  together  to  boiling,  then  the  y8-naphthylamine  was 
added  in  small  portions  at  a  time  in  order  to  avoid  loss  by  dis- 
tillation. A  solid  separated  which  contained  the  acridine.  On  partial 
cooling,  the  liquid  was  decanted  from  the  solid  and  again  heated,  when 
more  of  the  solid  separated.  This  process  was  repeated  until  no  more 
solid  could  be  obtained.  The  solid  product  was  then  worked  up  in 
the  usual  way.  It  was  recrystallised  from  benzene  or  toluene,  when 
it  assumed  the  form  of  pale  yellow  needles  melting  at  293°  (301-5"' 
corr.).  It  is  identical  with  the  compound  described  as  weso-phenyl-/3- 
naphthacridine  by  Claus  and  Richter  (Ber.,  1884,  17,  1595).  It  has 
also  been  investigated  by  Ris  {Ber.,  1884,  17,  2030),  Klopsch  {Ber., 
1885,   18,    1586),  Haase  {Ber.,    1903,  36,    592),    and   Ullmann    and 
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Fetvadjian  (loc.  cit.).  It  is  more  soluble  in  glacial  acetic  acid  thau  ia 
toluene,  very  soluble  in  chloroform  or  carbon  disulphide,  and  insoluble 
in  ethyl  acetate.  It  is  less  soluble  than  the  a-isomeride  in  benzene 
and  toluene. 


ir.     Further  Study  of  Dinaplithacridines.     Synthesis  by   the 
Interaction   of  Methylene  Di-iodide  and  Naphtliylainines. 

1.  Methylene    Di-iodide    and    a-Naphthylamine.       o  Au-  o  iJinaplUli- 

p-  O  ri-p 

acridine  (Senier  and  Goodwin). 

The  method  by  which  this  compound  was  originally  prepared  gives 
^ly  a  small  yield.  If  the  alkali  be  omitted  the  action  is  too  energetic, 
even  when  small  quantities  are  used,  and  loss  by  decomposition  is  the 
result.  Solvents  were  then  tried,  including  benzene,  naphthalene, 
paraffin  wax,  and  benzoic  acid.  The  last  mentioned  gave  very  satis- 
factory results.  The  a-naphthylamine  was  mixed  with  about  twice  its 
weight  of  benzoic  acid,  the  methylene  di-iodide  added,  and  heat  applied 
in  the  usual  way.  Before  recrystallising,  the  contents  were  heated  to 
boiling  with  a  mixture  of  methylated  spirit  and  a  small  proportion  of 
concentrated  aqueous  potassium  hydroxide.  This  treatment  removes 
hydrogen  iodide  and  benzoic  acid. 


2.  Methylene  Di-iodide  and   a  Mixture   of  a-  and  fi-Naphthylamines. 

I         Dinaphthacridine  (Ullmann  and  Fetvadjian). 
p-CH-a 

This  method  seems  to  be  very  satisfactory  for  the  preparation  of  this 
base.     It  is,  however,  necessary  to  use  alkali. 

Methylene  di-iodide  (1  mol.)  is  mixed  with  a-naphthylauiine 
(1  mol),  ^-naphthylamine  (1  mol.),  and  an  excess  of  previously 
ignited  potassium  carbonate  (3  mols.).  The  mixture  is  either  heated 
in  a  closed  tube  at  200^  for  two  to  four  hours,  or  heated  to  200°  in  an 
open  flask  with  a  reflux  condenser  for  the  same  length  of  time. 

The  product  is  boiled  with  a  mixture  of  toluene  and  absolute  alcohol 
and  the  hot  solution  filtered  from  potassium  salts.  On  cooling,  the 
solution  deposits  yellow  crystals,  which,  on  recrystallisation  from 
toluene,  melt  at  223''  (228°  corr.).     This  compound  is  identical  with 

Q  ^n       dinaphthacridine    described    in    this    paper.     In    some 
p-L/  Jri-a 

experiments  the  alkali   was  omitted,   but   it   was    then    found    more 

diflicult  to  prevent  ovev-heating. 

4  Z  2 
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/8-N-/8 
3.  Methylene  Di-iodide  and  ^-Naphthylamine.  '  Dinaphth- 

a-CH-a 

acridine  (Reed)  and  Bisdinaphthacridine  Dihydride  ["  \s,oNaphth- 

acridine,"  Morgan],  (Oo^Hj3lSr)2Ho. 

When  methylene  di-iodide  (1  mol.)  and  y8-naphthylamine  (2  mols.) 
are  mixed  with  excess  of  potassium  carbonate  in  an  open 
vessel  and  treated  in  the  usual  way,  or  when  the  alkali  is  omitted, 
Reed's  dinaphthacridine  is  obtained  and  no  trace  of  Morgan's 
base  is  formed.  If,  however,  potassium  hydroxide,  previously 
fused  and  powdered,  replaces  the  carbonate,  only  orange  crystals  are 
obtained,  which  are  identical  with  bisdinaphthacridine  dihydride 
("isoNaphthacridine,"  Morgan,  Trans.,  1898,  73,  536;  "  Naphth- 
acrihydridine,"  Mohlau  and  Haase,  Ber.,  1902,  35,  41G9).  In  a  closed 
tube  with  potassium  carbonate,  a  mixture  of  the  two  bases  is  obtained, 
Morgan's  predominating. 

In  the  above  investigation  we  repeated  the  experiments  of  Ullmann 
and  Fetvadjian  to  obtain  Reed's  base  from  ^-naphthylamine,  /3-naphthol, 
and  trioxymethylene,  and  found  that  Morgan's  base  was  first  formed 
as  an  intermediate  product.  It  was,  indeed,  the  chief  product  of  the 
reaction  when  the  temperature  did  not  exceed  225°,  whereas  at  250° 
Reed's  base  predominated.  That  the  orange  crystals  obtained  by  the 
above  methods  ai*e  really  crystals  of  the  substance  obtained  by  Morgan 
and  reinvestigated  by  Mohlau  there  can  be  no  doubt,  although  the 
melting  point  was  found  to  be  243°  (248°  corr.),  whereas  Morgan  gives 
227°  and  Mohlau  236°.  The  compound  is  easily  distinguished  from 
Reed's  dinaphthacridine  by  its  higher  melting  point  and  character- 
istic colour,  and  the  two  substances  may  be  easily  separated  by 
fractional  crystallisation  from  toluene,  when  the  less  soluble  orange 
compound  is  first  deposited  in  long  needles,  the  dinaphthacridine 
forming  more  compact  greenish-yellow  crystals  when  the  mother 
liquor  has  been  evapoi'ated  to  a  small  bulk.  To  remove  any  possible 
doubt  as  to  the  identity  of  the  orange  crystals  with  Morgan's  base,  we 
first  converted  it  into  the  characteristic  green  hydrochloride  (by 
passing  hydrochloric  acid  gas  into  a  benzene  solution  of  the  base). 
The  green  salt  of  Morgan's  base  gradually  changed  to  the  yellow  salt 
of  Reed's  base  (compare  Morgan,  Mohlau  and  Haase,  ibid.),  and 
from  the  latter  Reed's  base  was  obtained ;  secondly,  we  oxidised 
the  compound  by  well-known  methods,  with  bromine,  also  with 
nitrous  acid,  and  in  both  cases  obtained  Reed's  base;  thirdly,  the 
latter  was  reduced  by  sodium  amalgam  to  orange  crystals  melting  at 
243°  (248°  corr.) ;  fourthly,  we  submitted  the  compound  to  analysis  : 
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0-2795  gave  0-9224  CO.  and  0-1284  H/).     C  =  90-00  ;  H  =  5-10. 
0-3093     „     13-4  c.c.  Nat  19°  and  765  mm.     N  =  5-01. 

G^oH.^gNo  requires  C  =  90-00  ;  H  =-■  5-00  ;  N  =  5-00  per  cent. 

.      ^    ,       a-N-B     ,. 
For  the  earliest  experiments  on  the  synthesis  of  the        '  di- 

p-GH-a 

naphthacridine  by  using  methylene  di-iodide  we  are  indebted  to  Miss 

F.  M.  G.  Micklethwait. 

Queen's  College, 
Galway. 


CXXXVIII. — The  hiteraction  of  Chlorine  and  Hydrogen. 

By  Charles  Hutchens  Burgess  and  David  Leonard  Chapman. 

The  well-known  fact  that  hydrogen  and  chlorine  combine  under  the 
influence  of  light  was  first  observed  by  William  Cruickshank  [Nichol- 
son's Journ.,  1801,  [i],  5,  202),  who  also  noticed  that  the  volume  of 
a  mixture  of  these  gases  over  chlorine  water  did  not  begin  to  diminish 
until  the  light  had  exerted  its  influence  for  several  seconds.  Cruick- 
shank's  observation  was  conflrmed  by  Dalton  [A  New  System  of 
Chemical  Philosophy,  p.  300).*  Draper  (Phil.  Mag.,  1844,  [iii], 
25,  9,  and  1845,  [iii],  26,  473)  by  several  conclusive  experiments 
established  the  fact  that  no  hydrochloric  acid  is  formed  in  a  freshly, 
prepared  mixture  of  chlorine  and  hydrogen  until  the  gases  have  been 
subjected  to  the  influence  of  light  for  a  measurable  period  of  time, 
but  that  after  interaction  starts  the  rate  of  formation  of  hydrogen 
chloride  increases  and  ultimately  becomes  constant.  A  period  of  com- 
parative inactivity  in  the  initial  stage  of  a  chemical  change  has  been 
called  by  Bunsen  and  Roscoe  an  induction  period.  The  induction 
period  which  accompanies  the  interaction  of  chlorine  and  hydrogen  in 
light  is  the  most  familiar  example  of  the  phenomenon.  Since  the  time 
of  Draper  it  has  been  studied  by  various  authors,  mostly  with  a  view 
to  elucidating  the  actual  mechanism  of  the  chemical  change.  The 
hypotheses  which  have  been  the  direct  outcome  of  these  investigations 
can  be  roughly  grouped  under  three  heads,  namely  : 

(1)  Draper's  theory  :  that  light  increases  in  some  unknown  way  the 

*  The  history  of  iihotocliemistry  is  dealt  with  very  completely  in  J.  M.  Eder's 
Handb.  der  Photographie,  1884,  I ;  in  Ostwald's  Allgemcinc  Chcmic,  II,  39(5—458  ; 
and,  in  relation  to  chlorine,  in  J.  W.  Mellor's  paper  (Traus.,  1901,  79,  216). 
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electro-negative  properties  of  chlorine,  and  thereby  exalts  the  aflBnity 
between  chlorine  and  hydrogen. 

(2)  Bunsen  and  Roscoe's  theory  :  that  light  gradually  removes  the 
resistance  which  opposes  the  force  of  affinity. 

(3)  The  intermediate  compound  theories  :  that  chlorine  and  hydrogen 
cannot  directly  interact,  but  that  the  observed  change  is  actually  the 
sum  of  several  distinct  chemical  transformations. 

In  support  of  his  hypothesis  Draper  states  that  chlorine  which  has 
been  submitted  to  the  action  of  light  for  a  svifficient  length  of  time 
acquii-es  the  property  of  instantly  combining  with  hydrogen  under  the 
influence  of  light,  and  that  therefore  the  element  chlorine  can  pass 
gradually  from  an  inactive  to  an  active  state.  According  to  this 
authority  the  agency  which  effects  the  change  is  tithonicity,  an 
essential  constituent  of  sunlight.  It  is  absorbed  and  retained  by 
chlorine,  the  affinity  of  that  element  for  hydrogen  being  at  the  same 
time  increased.  The  following  simple  deduction  from  this  hypothesis  is 
contradicted  by  experience.  The  electro-negative  properties  of  chlorine 
which  had  been  exposed  to  light  for  a  sufficient  length  of  time  would 
be  increased  to  such  an  extent  that  a  mixture  of  the  gas  with 
hydrogen  would  exhibit  temporarily  an  abnormal  sensitiveness  to  the 
influence  of  light,  and  might  even  be  partially  transformed  into 
hydrogen  chloride  in  the  dark.  Apparently  Draper  made  no  attempt 
to  test  this  point. 

Bunsen  and  Roscoe  were  unable  to  confirm  Draper's  statement  that 
chlorine  which  had  been  prepared  and  kept  in  the  dark  and  chlorine 
which  had  been  exposed  to  light  differed  in  their  behaviour  towards 
hydrogen.  Objection  was  therefore  taken  to  the  view,  that  of  the 
two  gases  chlorine  alone  was  changed  during  the  induction  period. 
According  to  them  the  circumstance  that  chlorine  and  hydrogen  could 
be  intimately  mixed  without  combination  taking  place  was  to  be 
explained  by  there  being  in  that  case  a  resistance  which  opposed  the 
force  of  affinity,  whilst  the  fact  that  light  transformed  the  mixture 
into  hydrogen  chloride  was  to  be  regarded  as  due  to  the  removal  of 
this  resistance  by  the  light.  On  standing  in  the  dark,  an  insolated 
mixtvire  was  found  to  return  after  a  time  to  its  former  inactive  condi- 
tion, so  that  a  spontaneous  development  of  the  force  which  opposed 
the  chemical  affinity  of  the  elements  had  to  be  regarded  as  an  inherent 
characteristic  of  the  mixture.  It  does  not  appear  to  have  been  noticed 
hitherto  that  if  such  were  the  case,  the  velocity  of  chemical  change 
could  not  at  any  time  be  exactly  proportional  to  the  intensity  of 
illumination,  since  light  below  a  definite,  although  small,  intensity 
would  be  unable  to  prevent  the  mixture  from  returning  to  an  inactive 
state. 

In  all  the  theories  based  on  the  assumption  of  an  intermediate  com- 
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pound,  water  molecules  have  played  an  essential  part.  According  to 
Pringsheim  {Wied.  Ann.,  1887,  32,  384),  the  successive  changes  are 
possibly  embodied  in  the  following  equations  : 

1 .  Hg  +  CI2  +  HgO  =  CI2O  +  2H2. 

2.  Cl20  +  2H2  =  2HC1  +  H20. 

Mellor  has  shown,  however,  that  the  actual  addition  of  either  hypo- 
chlorous  acid  or  chlorine  monoxide  to  the  system  does  not  shorten  the 
time  of  induction.  Accordingly  he  assumes  that  if  an  intermediate 
compound  is  formed  at  all,  it  must  be  a  complex  molecule  of  the 
type  C].2x,(H2^)i/'^2z-  Hydrogen  was  introduced  into  the 
formula  of  this  compound  on  account  of  Bunsen  and  Roscoe's  state- 
ment that  the  properties  of  moist  chlorine  are  not  changed  by  the 
exposure  of  the  gas  to  light. 

Bevan  found  that  the  foregoing  statement  of  Bunsen  and  Eoscoe 
was  not  correct,  that  Draper  was  in  fact  right  in  stating  that  moist 
chlorine  is  actually  changed  by  light,  and  that  Bunsen  and  Roscoe's 
inability  to  confirm  Draper's  result  was  due  to  the  circumstance  that 
in  the  experiment  of  the  former  the  insolated  chlorine  before  being 
tested  was  bubbled  through  water,  in  the  presence  of  which  liquid  the 
acquired  characteristics  of  the  gas  were  shown  by  Bevan  to  be 
destroyed.  This  discovery,  coupled  with  the  fact  that  the  least 
expansion  capable  of  producing  a  cloud  in  chlorine  saturated  with 
water  vapour  is  less  in  the  illuminated  than  in  the  darkened  gas, 
caused  Bevan  to  infer  that  the  first  action  of  the  light  on  a  moist 
mixture  of  chlorine  and  hydrogen  was  to  produce  an  addition  com- 
pound of  chlorine  and  water,  the  molecules  of  which  could  act  as  con- 
densation nuclei  for  water  vapour.  He  further  assumed  that  the 
compound  of  chlorine  and  water  would,  after  it  had  combined  with 
hydrogen,  break  up  into  hydrogen  chloride  and  water. 

With  the  facts  before  us  three  objections  can  be  urged  against  the 
theory  of  an  intermediate  compound.  Firstly,  in  order  to  account  for 
an  induction  period  of  measurable  length  an  appreciable  quantity  of 
the  intermediate  compound  must  be  formed.  The  compound  should 
therefore  be  capable  of  being  isolated.  Secondly,  the  theory  does  not 
afford  an  explanation  of  the  fact  observed  by  Draper,  namely,  that  for 
some  time  after  the  electrolytic  gas  has  been  exposed  to  light  there  is 
no  hydrogen  chloride  produced.*  Finally,  as  Dyson  and  Harden 
(Trans.,  1903,  83,  29)  have  pointed  out,  it  will  not  account  for  the 
induction  period  which  is  observed  with  an  almost  dry  mixture  of 
carbon  monoxide  and  chlorine.  The  latter  investigators  suggest  that 
it  is  possible  that  the  light  brings  about  the  formation  of  a  compound 
which  acts  as  a  carrier  for  one  of  the  interacting  gases. 
*  This  fact  was  not  confirmed  by  Mellor  or  Bevan. 
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It  must  here  be  mentioned  that  van't  Hoff  denies  that  an  induction 
period  is  a  real  and  general  characteristic  of  a  simple  chemical 
change.  Its  existence  is,  accoi-ding  to  him,  merely  an  indication  that 
some  necessary  precaution  has  been  omitted.  This  anticipation  we 
have  found  in  the  present  case  to  be  correct.  The  observed  delay  in 
the  combination  of  chlorine  and  hydrogen  is  due  to  the  circumstance 
that  the  gases  contain  impurities  which  are  capable  of  preventing  the 
formation  of  hydrogen  chloride,  and  are  themselves  gradually  destroyed 
in  the  light.  In  the  course  of  our  work,  after  the  existing  theories 
had  been  further  tested  and  found  unsatisfactory,  we  were  led  to 
suspect  that  the  above  was  the  right  explanation.     As  soon  as  this 


Fig.  1. 


was  realised,  little  difficulty  was  experienced  in  finding  the  effective 
impurities,  and  in  accounting  for  many  of  the  previously  observed 
facts. 

Experimental. 

The  mixture  of  chlorine  and  hydrogen  was  prepared  by  the  method 
recommended  by  Bunsen  and  Roscoe,  namely,  by  the  electrolysis  of  a 
strong  aqueous  solution  of  hydrogen  chloride. 

Several  forms  of  actinometer,  which  were  all  similar  in  principle  to 
that  used  by  Bunsen  and  Roscoe,  were  employed.  For  most  purposes 
the  apparatus  shown  in  Fig.  1  was  found  to  be  the  most  convenient. 
The  insolation  vessel,  A,  was  a  wide  glass  tube  and  its  total  capacity 
was  about  70  c.c.  This  vessel  communicated  with  a  capillary  tube,  ab, 
to  which  a  scale  was  attached.  The  end,  b,  of  the  capillary  tube 
was  fused  to  a  wider  and  slightly  inclined  tube,  e,  which  was  separated 
from  the  wide  vertical  tube  B  by  the  tap  /.  Water  could  be  drawn 
into  J5  through  the  tap  g.     As  a  rule  the  required  information  about 
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the  rate  of  formation  of  hydrogen  chloride  was  obtained  by  direct 
observations  being  made  on  the  movement  of  the  thread  of  water 
along  the  capillary  tube  ha,  but  in  some  cases  this  was  found  to  be  too 
tedious  owing  to  the  extreme  length  of  the  induction  period.  Ac- 
cordingly when  it  was  thought  that  an  exposure  to  light  of  several 
hours  would  be  necessary,  an  automatic  method  of  recording 
the  result  was  resorted  to.  This  was  accomplished  by  a  simple 
addition  to  the  apparatus.  A  glass  float,  C,  consisting  of  a  glass  tube 
closed  at  the  bottom  and  drawn  out  to  a  narrow  hooked  tube,  h,  at  the 
top,  was  ground  so  as  to  fit  B  loosely.  A  lever,  k,  was  firmly  clamped 
to  the  tube  B.  The  end  of  the  lever  immediately  above  the  float  was 
attached  to  the  small  tube  h  by  a  silk  thread  which  was  fixed  at  both 
ends  with  sealing  wax.  The  other  end  of  the  lever  marked  with  a 
pointer,  cut  out  of  a  sheet  of  aluminium  foil,  on  a  revolving  drum, 
which  had  previously  been  covered  with  smoked  paper.  Above  the 
insolation  vessel  and  communicating  with  it  by  a  three-way  tap  was  a 
graduated  tube  which  was  used  to  add  measured  quantities  of  liquid 
to  the  actinometer.  On  to  the  bottom  of  the  insolation  vessel  a 
capillary  tap,  D,  was  fused.  The  actinometer  was  filled  in  the  following 
manner.  The  insolation  vessel,  the  capillary  tube  ab,  and  the  index 
reservoir  B  were  first  completely  filled  with  water.  The  mixed  gases 
from  the  electrolytic  vessel  were  then  led  by  way  of  the  taps  m,  E,  and 
n  through  the  graduated  tube  for  several  hours.  The  gases  after 
passing  through  n  were  led  into  potash  in  order  to  absorb  the 
chlorine.  As  soon  as  it  was  thought  that  the  gas  coming  from  the  cell 
was  sufiiciently  sensitive,  the  tap  E  was  turned  so  that  the  current  of 
gas  passed  into  the  insolation  vessel.  The  liquid  in  the  index  tube 
was  displaced  by  gas  and  the  current  was  maintained  in  the  same 
direction  until  the  water  in  B  had  been  saturated  with  chlorine.  The 
tap  /  was  then  closed,  and  D  opened  and  the  water  in  A  expelled. 
During  this  part  of  the  operation  some  chlorine  is  absorbed  by  the 
water,  and  accordingly  if  it  was  desired  to  fill  the  insolation  vessel 
with  a  mixture  of  the  same  composition  as  that  coming  from  the  cell, 
the  gas  had  to  be  passed  through  the  insolation  vessel  for  some  time 
after  all  the  water  had  been  displaced. 

When  the  actinometer  has  been  filled  with  gas,  a  measured  quantity 
of  liquid  can  be  introduced  from  the  graduated  tube  above  the 
insolation  vessel.  The  liquid  thus  introduced,  of  course,  disturbs  the 
composition  of  the  mixture  and  reduces  its  sensitiveness  to  light ;  the 
maximum  sensitiveness  can,  however,  be  easily  restored  by  passing  a 
current  of  electrolytic  gas  through  the  insolation  vessel  from  E  to  F. 
During  an  experiment  the  insolation  vessel  was  immersed  in  a  water 
tank  with  parallel  glass  sides,  the  water  being  as  a  rule  maintained  at 
a  constant  temperature.     The  source  of  light  was  either  an  electric 
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lamp  or  a  llarcourt  pentane  lamp.  A  variety  of  different  forms  of 
actinometer  have  been  used  for  different  purposes  ;  most  of  the  varia- 
tions can,  however,  be  readily  described  by  reference  to  the  above 
typical  form. 

When  an  actinometer  containing  electrolytic  gas  and  ordinary  tap 
water  is  exposed  to  light,  the  index  remains  practically  stationary  for 
some  time.  As  a  rule  there  is  at  fii\st  a  slight  expansion  of  the  gas 
in  the  insolation  vessel,  but  whenever  the  temperature  of  the  water  in 
the  tank  is  kept  constant  it  is  not  observed.  This  slow  preliminary 
expansion,  which  was  first  observed  by  Draper,  is  therefore  only  the 
result  of  a  slight  rise  in  temperature  of  the  surroundings,  due  to  the 
heat  emitted  by  the  source  of  light.  If  during  the  first  part  of 
the  induction  period  the  lamp  is  shaded,  no  contraction  is  noticeable, 
and  on  re-exposure  of  the  insolation  vessel  to  light  there  is  no  sudden 
expansion.  To  all  appearance,  therefore,  electrolytic  gas  can  be 
subjected  under  certain  conditions  to  the  action  of  white  light  of 
moderate  intensity  without  undergoing  any  change  which  is  accom- 
panied by  a  permanent  or  temporary  alteration  in  the  volume  of  the 
mixture.  A  change  is,  however,  gradually  taking  place,  for  on  the 
illumination  being  continued  it  is  noticed  after  some  time  that 
the  index  begins  to  move  at  fii'st  very  slowly  and  then  more  rapidly 
towards  the  insolation  vessel. 

The  rate  of  movement  soon  attains  a  maximum.  It  then  falls  a 
little  and  finally  becomes  constant.  The  following  example  will 
suffice  as  an  illustration.  The  light  was  a  25  c.p.  Swan  lamp  placed 
at  a  distance  of  90  cm.  from  the  insolation  vessel,  which  was  immersed 
in  the  glass  tank  filled  with  water  at  the  temperature  of  the  labora- 
tory. 
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It  will  be  observed  that  the  rate  of  movement  of  the  index  attained 
its  maximum  value  just  after  the  pei'iod  of  induction. 

When  the  exposure  has  been  continued  so  long  that  the  velocity  of 
movement  of  the  index  has  become  constant,  the  Draper  or  Pring- 
sheim  effect,  as  it  is  sometimes  called,  can  be  observed.  We  have 
already  stated  that  this  effect  cannot  be  obtained  when  the  gases  in 
the  insolation  vessel  are  inactive.*  Therefore,  it  is  probably  due  to 
the  heat  disengaged  during  the  formation  of  hydrogen  chloride,  a 
conjecture  which  is  also  supported  by  the  fact  that  the  magnitude  of  the 
effect  is  roughly  proportional  to  the  sensitiveness  of  the  mixture  used 
in  obtaining  it.     Both  Mellor  and  Bevan  arrived  at  the  same  conclusion. 

During  the  final  stage  of  the  induction  period,  when  hydrogen 
chloride  begins  to  be  formed,  the  inner  surface  of  the  glass  insolation 
vessel  becomes  dim  owing  to  the  condensation  upon  it  of  a  strong 
aqueous  solution  of  hydrogen  chloride.  The  strong  acid  is  a  good 
solvent  for  chlorine,  and  therefore  some  of  the  latter  gas  is  carried 
into  solution.  It  is  probably  for  this  reason  that  the  index  moves  at 
its  maximum  rate  just  after  the  induction  period  is  over.  That 
chlorine  is  actually  dissolved  in  the  hydrochloric  acid  produced  can  be 
easily  demonstrated  by  the  backward  movement  of  the  index  which 
results  from  shaking  an  insolation  vessel  in  which  hydrogen  chloride 
has  just  been  formed  by  the  action  of  light.  The  index  of  an  actino- 
meter  containing  recently  formed  hydrogen  chloride  is  also  gradually 
driven  back  by  the  disengaged  chlorine  when  the  instrument  is  simply 
allowed  to  stand  in  the  dark. 

Another  result  of  shaking  an  actinometer  which  has  been  exposed 
to  light  until  the  indications  of  the  instrument  have  become  constant 
is  that  the  electrolytic  gas  again  becomes  inactive.  For  on  the 
insolation  vessel  being  exposed  again  to  light,  the  first  period  of 
illumination  is  one  of  induction.  The  electrolytic  gas  can  be  insolated 
and  rendered  inactive  again  by  being  shaken  with  the  liquid  several 
times  in  succession,  but  each  time  that  this  is  done  the  induction 
period  is  of  less  duration  than  the  preceding  one,  and  when  the 
foregoing  operations  have  been  repeated  many  times,  no  further 
indications  of  an  induction  period  can  be  observed.  The  following 
results  of  an  actual  experiment  will  suffice  as  an  illustration  : 

The  duration  of  the  successive  induction  periods  in  minutes  were 
given  by  the  numbers  26,  14,  10,  8,  6,  4,  4,  4,  2,  and  after  the  opera- 
tions described  above  had  been  repeated  many  more  times  it  was 
found  that  the  gas  could  not  be  rendered  inactive  again  by  shaking  it 
with  the  liquid. 

*  Throughout  this  paper  the  adjective  "inactive  "is  used  to  describe  the  condi- 
tion of  chlorine  which  has  not  been  insolated. 
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This  experiment  demonstrates  that  the  aqueous  chlorine  solution  in 
the  actinometer  possesses  (although  only  to  a  limited  extent)  the  pro- 
perty of  absorbing  or  destroying  the  activity  of  the  insolated  gas,  so 
that  in  every  future  experiment  full  consideration  must  be  given  to 
the  condition  of  the  liquid  as  well  as  to  that  of  the  gas  contained  vpithin 
the  insolation  vessel.  Water  which  has  lost  the  property  of  destroy- 
ing or  removing  the  activity  of  electrolytic  gas  will  be  subsequently 
described  as  active. 

Whilst  the  above  experiments  were  being  performed,  the  following 
interesting  observation  was  made.  When  an  actinometer  which  con- 
tained active  electrolytic  gas  and  active  liquid  was  shaken  vigorously 
and  then  suddenly  exposed  to  light,  the  Draper  expansion  was  almost 
twice  as  great  as  that  observed  when  the  actinometer  had  not  been  agi- 
tated previously,  the  other  conditions  having  been  the  same.  In  the 
former  case,  the  illumination  of  the  mixed  gases  was  accompanied  also 
by  the  formation  of  a  cloud  which  rapidly  subsided,  but  no  cloud  made 
its  appearance  if  the  liquid  had  not  been  shaken  vigorously  immedi- 
ately before  the  insolation  vessel  was  exposed  to  light.  The  reason  for 
the  observed  difference  was  that  the  shaking  of  the  liquid  caused  a 
number  of  minute  drops  to  be  formed.  On  these,  hydrochloric  acid 
condensed  when  the  actinometer  was  illuminated,  but  in  the  case  of  no 
drops  having  been  present  the  whole  of  the  hydrochloric  acid  pro- 
duced was  condensed  on  the  walls  of  the  vessel.  In  the  first  case,  the 
sensible  heat  developed  by  the  condensation  of  hydrochloric  acid  would 
be  communicated  to  the  gas  and  assist  in  raising  its  temperature, 
whereas,  in  the  second  case,  it  would  be  rapidly  conducted  through  the 
walls  of  the  containing  vessel.  So  that  the  fact  that  the  Draper  effect 
can  be  enhanced  under  the  above-mentioned  conditions  is  readily 
accounted  for  without  it  being  necessary  to  assume  that  the  greater 
expansion  is  accompanied  by  the  formation  of  a  greater  amount  of 
hydrogen  chloride. 

We  have  just  seen  that  the  state  of  activity  of  the  liquid  as  well  as 
of  the  gaseous  contents  of  an  actinometer  must  be  regarded  as  capable 
of  variation.  On  this  account  it  became  necessary  that  several  points 
should  be  re-examined,  fuller  consideration  being  given  to  the  condition 
of  the  liquid  than  had  hitherto  been  the  case.  The  first  difliculty  to 
be  investigated  was  the  obvious  discrepancy  between  Bunsen  and 
Roscoe's  statement,  that  the  resistance  to  combination  which  is  removed 
by  the  action  of  light  is  gradually  restored  when  the  mixture  of 
chlorine  and  hydrogen  is  allowed  to  stand  in  the  dark,  and  the  law  of 
photochemistry  which  asserts  that  the  amount  of  chemical  change  is 
proportional  to  the  intensity  of  the  light.  Could  the  decay  in  activity 
noticed  by  Bunsen  and  Roscoe  and  by  all  subsequent  observers  be  due 
to  the  circumstance  that  the  whole  of  the  liquid  had  not  been  rendered 
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completely  active  before  the  attempt  to  measure  the  rate  of  decay  was 
made  1  An  experiment  was  undertaken  to  test  the  accuracy  of  this 
conjectvu-e,  but  it  was  found  that  even  when  the  utmost  precautions 
were  taken  to  make  the  whole  of  the  liquid  contained  in  the  actino- 
meter  completely  active  a  gradual  decay  of  activity  similar  to  that 
described  by  Bunsen  and  Roscoe  actually  took  place.  The  reason  for 
this  result  was  not  discovered  until  much  later. 

We  next  turned  our  attention  to  two  other  points  in  the  investiga- 
tion of  which  by  previous  workers  there  appeared  to  be  some  reason  for 
thinking  that  the  precaution  just  mentioned  had  not  been  carefully 
observed.  In  the  first  place,  several  experiments  demonstrated  satis- 
factorily that  hydrogen  would  instantly  interact  with  previously 
inpolated  chlorine  in  the  light,  but  we  were  forced  to  conclude,  after 
several  unsuccessful  attempts  to  prove  the  reverse  had  been  made, 
that  it  is  impossible  to  raise  the  activity  of  chlorine  by  insolation  to 
such  an  extent  that  on  its  being  mixed  with  hydrogen  and  exposed  to 
light  a  period  of  deduction  or  fall  in  the  rate  of  interaction  with 
hydrogen  can  be  observed.  In  other  words,  the  activity  of  chlorine 
separately  insolated  never  exceeds  that  of  chlorine  insolated  in  the 
presence  of  hydrogen.  In  the  second  place  it  was  established  that 
in  a  mixture  containing  equal  volumes  of  active  and  inactive 
electrolytic  gas  no  hydrogen  chloride  was  formed  during  the  first 
few  minutes  of  the  illumination.  It  would  appear  to  be  impossible 
to  reconcile  the  first  result  with  Draper's  hypothesis,  or  either  of  the 
two  results  with  any  intermediate-compound  hypothesis  which  up  to 
the  present  has  been  sviggested  as  an  explanation  of  the  period  of 
induction.  The  facts  seem  to  point  to  the  conclusion  that  there  is  some 
principle  which  can  act  like  a  resistance  to  combination,  that  the 
principle  can  be  destroyed  by  light,  and  that  it  is  contained  in  freshly- 
prepared  chlorine  and  in  ordinary  water,  but  not  in  hydrogen.  The 
objection  to  regarding  the  resistance  in  question  as  anything  material 
is  the  fact  that  it  can  be  restored  to  electrolytic  gas  from  which  it  has 
been  completely  removed  by  allowing  the  mixed  gases  to  stand  in  the 
dark. 

We  will  now  give  without  details  the  results  of  a  series  of  compara- 
tive experimeuts  performed  with  two  similar  actinometers.  Working 
with  these  actinometers  we  were  able  to  compare  the  state  of  activity 
of  two  .specimens  either  of  gas  or  of  liquid  which  differed  as  a  result  of 
the  treatment  to  which  they  previously  had  been  subjected.  During 
the  time  that  measurements  were  being  made  the  insolation  vessels  of 
both  actinometers  were  placed  in  a  glass  tank  filled  with  water  and 
were  disposed  in  such  a  manner  that  they  could  be  illuminated  by  light 
of  equal  intensity  from  the  same  source.    ' 

17ie  Effect  of  uniag  Saline  Solutions  in  the  2)lace  of  Water. — We  have 
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seen  that  chlorine  loses  its  activity  in  the  presence  of  ordinary  water. 
It  was  found  that  the  property  in  virtue  of  which  water  is  able  to  with- 
draw to  a  limited  extent  the  activity  from,  chlorine  was  characteristic 
of  aqueous  solutions  in  general.  Solutions  of  the  chlorides  of  barium 
and  calcium  and  of  several  acids  such  as  hydrochloric  and  sulphuric 
were  examined.  In  the  first  place,  barium  chloride  was  compared  with 
tap  water.  To  do  this  both  actinometers  were  filled  with  electrolytic 
gas.  Then  they  were  exposed  to  light  in  order  to  make  the  gas  con- 
tained in  them  active.  After  this  had  been  accomplished,  the  light  was 
turned  out.  Five  c.c.  of  a  strong  solution  of  barium  chloride  were 
added  to  one  actinometer  and  5  c.c.  of  tap  water  to  the  other.  The 
actinometers  were  shaken,  allowed  to  stand  in  the  dark  for  about  half 
an  hour,  and  then  re-exposed  to  light  in  order  to  ascertain  the  relative 
lengths  of  the  induction  periods.  The  inert  period  of  the  gas  which 
was  standing  over  barium  chloride  was  200  minutes,  whereas  that  of 
the  gas  over  water  was  only  forty  minutes.  Aqueous  solutions  of 
calcium  chloride  and  of  acids  behaved  as  a  rule  in  the  same  way  as 
a  solution  of  barium  chloride,  that  is,  an  induction  period  of  excep- 
tional length  attended  their  use.  For  several  hours  during  the  first 
stage  of  these  long  induction  periods  the  formation  of  hydrogen 
chloride  could  not  be  detected,  a  fact  which  is  in  itself  sufiicient  reason 
for  the  theory  of  an  intermediate  compound  being  discarded.  It  was 
observed  also  that  solutions  of  different  specimens  of  calcium  chloride 
would  absorb  very  different  amounts  of  activity,  but  to  what  circum- 
stance the  observed  variation  was  due  was  not  at  the  time  apparent. 

Methods  by  lohich  the  Activity  of  Chlorine,  Electrolytic  Gas,  and 
Solutions  of  Chlorine  can  he  increased. — All  the  contents  of  an 
actinometer  can  be  rendered  active  by  maintaining  the  insolation 
vessel  at  a  temperature  approaching  the  boiling  point  of  water  for  a 
sufficient  length  of  time.  Electrolytic  gas  can  be  made  active  therefore 
by  raising  the  temperature  as  well  as  by  the  influence  of  light. 
Having  shown  this,  the  next  step  was  to  prove  that  chlorine  gas 
becomes  active  under  the  same  conditions  as  those  required  to  bring 
about  the  same  change  in  a  mixture  of  chlorine  and  hydrogen.  No 
difficulty  was  experienced  in  demonstrating  satisfactorily  by  a  suitable 
experiment  that  such  was  the  case. 

We  next  turned  our  attention  to  solutions  of  chlorine.  The 
circumstances  in  which  a  chlorine  solution  will  retain  its  inactivity  or 
pass  into  the  active  condition  are  a  little  complex.  Inactive  solutions 
containing  a  large  proportion  of  chlorine  can  be  kept  in  the  dark  for  a 
considerable  period  of  time  without  alteration.  Unlike  the  moist  gas, 
a  comparatively  strong  chlorine  solution  is  only  with  difficulty  rendered 
active  by  exposure  to  light.  Such  a  solution,  however,  rapidly  gains 
activity  at  the  boiling  point  of  water.     It  was  found  that  when  the 


THE   INTERACTION   OF   CHLORINE   AND   HYDROGEN.        1409 

chlorine  was  withdrawn  from  an  inactive  aqueous  solution  by 
exhaustion,  the  liquid  lost  a  considerable  proportion  of  the  inactivity 
by  which  it  was  originally  characterised. 

It  is  a  curious  fact  that  the  behaviour  of  dilute  solutions  of  chlorine 
is  quite  different  from  that  of  more  concentrated  solutions.  The  weak 
solutions  gain  considerably  in  activity  on  simply  being  kept  in  the 
dark  at  the  ordinary  temperature.  The  reason  for  this  surprising 
difference  in  weak  and  strong  solutions  of  chlorine  is  still  a  matter  of 
conjecture. 

The  Preparation  of  Crystals  of  Active  Barium  Chloride. — We  have 
already  stated  that  different  specimens  of  calcium  chloride  were  found 
to  be  possessed  of  varying  degrees  of  inactivity,  a  fact  which  suggested 
the  possibility  of  preparing  crystallised  salts  in  an  active  condition.  A 
successful  attempt  was  made  to  prepare  active  crystals  of  barium 
chloride,  the  method  of  procedure  being  as  follows  :  a  strong  solution 
of  barium  chloride  was  saturated  with  chloi'ine,  heated  at  100°,  and 
the  water  then  removed  by  distillation  in  a  vacuum.  The  crystals 
which  separated  were  active,  that  is,  they  had  lost  the  property 
possessed  by  the  original  barium  chloride  of  imparting  inactivity  to  a 
dilute  aqueous  solution  of  chlorine  which  had  previously  been  made 
active.  The  crystals  became  inactive  when  they  were  left  for  some 
time  between  folds  of  blotting  paper.  The  last  observation  appeared 
to  support  the  view  that  some  vapour  or  gas  contained  in  the 
atmosphere  had  been  absorbed  by  the  crystals,  which  thereby  had  been 
rendered  inactive. 

Tlie  Preparation  of  Active  Solutions  containing  no  Free  Chlorine. — 
An  exceedingly  inactive  solution  of  calcium  chloride  was  saturated 
with  chlorine,  heated,  and  as  much  chlorine  as  possible  withdrawn  by 
exhaustion.  The  small  amount  of  chlorine  which  remained  after  this 
treatment  was  then  removed  either  by  adding  a  iittle  potassium  iodide, 
and  afterwards  reducing  the  libei'ated  iodine  with  a  drop  of  sodium 
thiosulphate  solution,  or  by  the  addition  of  a  drop  or  two  of  sulphur 
dioxide  solution.  The  solution  obtained  when  either  of  these  methods 
of  removing  the  chlorine  was  employed  was  only  slightly  inactive. 

The  Preparation  of  Active  Solutions  without  the  Aid  of  Chlorine. — 
It  was  shown  that  water  and  aqueous  solutions  in  general  became 
active  when  they  were  heated  with  carefully  purified  bromine,  and 
that  after  the  solutions  had  been  made  active  tlio  whole  of  the 
bromine  could  be  removed  with  very  little  loss  of  activity. 

The  Length  of  the  Induction  Period  is  not  increased  by  the  Presence  of 
Oxygen  in  the  Electrolytic  Gas. — It  is  well  known  that  the  presence  of  a 
trace  of  oxygen  decreases  the  sensitiveness  *  of  electrolytic  gas.     It 

*  By  sensitiveness  is  understood  tliat  quality  of  a  sample  of  electrolytic  gas,  the 
degree   of  which  is  the  rate  of  interaction   of   the  essential  cjmi)Ouents  under  a 
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was  thought  that  the  same  impurity  might  increase  the  amount  of 
induction  necessary  to  insolate  the  mixture,  but  several  comparative 
experiments  proved  that  this  was  not  the  case.  Electrolytic  gas  in 
fact  becomes  active  just  as  rapidly  when  it  is  mixed  with  oxygen  as 
when  it  is  pure.  The  processes  which  take  place  during  the  induction 
period  are,  therefore,  different  in  kind  from  those  which  immediately 
result  in  the  formation  of  hydrogen  chloride. 

The  Activity  of  Fresldy-prepared  Electrolytic  Gas. — The  activity  of  a 
mixture  of  chlorine  and  hydrogen  prepared  by  the  electrolysis  of 
strong  hydrochloric  acid  increases  very  considerably  when  the  cell 
employed  in  its  preparation  has  been  in  use  for  some  time.  The 
activity  of  the  electrolytic  gas  does  not  fall  with  its  sensitiveness  when 
the  acid  in  the  cell  has  become  weak  from  constant  use. 

It  will  be  seen  that  all  the  preliminary  experiments  support  the 
view  that,  as  a  rule,  chlorine  gas  and  many  other  substances,  including 
water,  contain  something  which  will  prevent  chlorine  and  hydrogen 
interacting,  and  that  the  inhibitor,  whether  it  be  a  quality  of  matter  or 
a  material  substance,  can  be  destroyed  by  chlorine  either  in  the 
presence  of  light  or  at  an  elevated  temperature,  or  by  dilute  chlorine 
solution  even  in  the  dark  at  the  ordinary  temperature.  If  it  is  a 
substance  it  is  volatile,  since  it  can  be  partially  removed  with  a 
vacuum  pump  from  a  chlorine  solution  containing  it. 

The  objection  to  the  view  that  the  inhibitor  is  a  material  substance 
is  the  circumstance  that  it  appears  to  be  possible  for  it  to  be  produced 
spontaneously  in  an  isolated  system.  The  fact  upon  which  this 
objection  is  based  is,  as  we  have  already  pointed  out,  inconsistent  with 
the  fundamental  law  of  photochemistry,  namely,  that  the  chemical 
effect  for  a  given  mixture  is  proportional  to  the  intensity  of  the 
illumination.  So  that  the  experiments  from  which  the  supposed  fact 
has  been  deduced  may  possibly  have  been  affected  by  some  unknown 
source  of  error.  However,  we  decided  to  try  the  effect  of  some  of  the 
possible  impurities  of  water  and  of  the  crystallised  salts  used  in  the 
above  exj^eriments.  The  fact  that  active  crystals  of  barium  chloride 
became  inactive  when  they  were  left  between  folds  of  blotting  paper 
indicated  that  the  efl'ective  inhibitive  impurity  (it  being  assumed  that 
it  is  material)  is  contained  in  the  atmosphere  of  the  laboratory.  The 
substance  which  appeared  to  satisfy  best  the  conditions  imposed  by 
the  preliminary  experiments  was  ammonia.  We  therefore  proceeded 
to  investigate  the  influence  of  small  quantities  of  this  compound. 

The  Power  possessed  by  Ainmoaia  of  causing  an  Induction  Period 
with  a  Mixture  of  Hydrogen  and  Chlorine. — A  solution  of  chlorine 
in   aqueous    calcium    chloride    was    prepared    and    heated    at     100° 

given  iuteusity  of  illumiuatioii  after  thorough  insolatiou.  Ou  the  other  hand, 
activity  is  used  to  designate  the  degree  of  insolation. 
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for  several  hours  in  order  to  make  it  active.  To  this  solution, 
on  cooling,  a  trace  of  ammonia  was  added.  The  solution  was  then 
divided  into  two  portions.  From  one  portion  as  much  chlorine  as 
possible  was  removed  by  exhaustion,  and  the  other  was  left.  Five  c.c. 
of  both  portions  were  then  respectively  introduced  into  two  actino- 
meters.  Actinometer  A  contained  the  solution  from  which  the 
chlorine  had  not  been  pumped  out,  and  actinometer  B  the  solution 
from  which  the  chlorine  had  been  removed.  The  induction  period 
with  actinometer  B  was  eight  minutes  only,  and  that  with  actino- 
meter A  nine  hours.  This  experiment  not  only  established  the  fact 
that  ammonia  can  be  the  cause  of  a  long  induction  period,  but  that  the 
inhibitive  compound  produced  by  the  interaction  of  chlorine  and 
ammonia  in  solution  at  the  ordinary  temperature  is  volatile,  since  it 
can  be  readily  removed  from  solution  by  exhaustion.  The  same 
property  is,  as  we  have  already  seen,  characteristic  of  the  so-called 
inactive  solutions  already  examined,  and  no  doubt  these  solutions 
mainly  owed  their  inactivity  to  traces  of  ammonia  or  to  some 
compound  contained  in  the  crystalline  salts  from  which  they  were 
prepared  and  from  which  ammonia  could  easily  be  derived.  A  further 
experiment  established  the  fact  that  a  chlorine  solution,  which  had 
been  rendered  inactive  by  a  trace  of  ammonia,  rapidly  became  active 
on  raising  the  temperature  to  100°,  and  therefore  in  two  important 
particulars  an  exact  correspondence  exists  between  chlorine  solutions 
to  which  traces  of  ammonia  have  been  added  and  those  obtained 
by  dissolving  chlorine  in  solutions  of  the  chlorides  of  calcium  and 
barium. 

Having  discovered  this  fact,  we  decided  to  examine  several  points 
directly  arising  from  it ;  in  the  first  place,  if  the  induction  period  were 
in  some  way  due  to  the  presence  in  the  gas  of  some  substance  which  is 
gradually  destroyed  by  chlorine  in  light,  then  as  soon  as  this  substance 
is  removed  there  should  be  no  return  to  the  old  state.  This  con- 
clusion, however,  does  not  accord  with  the  experience  of  previous 
observers,  or,  as  far  as  we  had  examined  the  point,  with  our  own.  By 
prolonged  exposure  of  the  mixed  gases  to  light  we  had  failed  to  reach 
a  stage  at  which  there  was  absolutely  no  return  to  the  original  con- 
dition. It  is  true  that  the  rate  of  return  after  several  insolations 
became  exceedingly  slow.  Was  it  possible  that  the  gas  could  have 
been  continuously  contaminated  by  some  impurity  derived  from 
the  glass  to  an  extent  sufficient  to  account  for  the  exceedingly 
small  delay  which  we  had  been  unable  to  eliminate  entirely  1  It 
seemed  to  be  worth  our  while  to  put  this  conjecture  to  the  test  of 
diiect  experiment. 

For  this  purpose  the  simple  actinometer  shown  in  Fig.  2  was 
employed.     The  insolation  vessel.  A,  was  of  quartz.     The  glass  index 
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tube,  C,  carried  at  its  end  a  cup,  B,  into  which  the  neck  of  the  quartz 
vessel  was  ground.  The  joint  at  B  was  rendered  quite  aii'-tight  by 
pouring  melted  paraffin  wax  into  the  cup.  As  far  as  the  rest  of  the 
apparatus  is  concerned  the  figure  explains  itself.  The  capacity  of  the 
insolation  vessel,  A,  was  about  70  c.c,  and  before  filling  with  electro- 
lytic gas  5  c.c.  of  a  solution  of  calcium  chloride  were  introduced.  The 
filling  with  gas  was  effected  in  the  following  way.  The  liquid  was 
emptied  out  of  E  and  electrolytic  gas  was  passed  in  a  slow  stream 
through  the  tube  by  way  of  the  taps  F  and  G,  A  being  in  the  meantime 
heated  in  a  bath  of  boiling  calcium  chloride  solution.  "When  it  was 
thought  that  most  of  the  air  had  been  driven  out  of  A,  the  tap  D  was 
closed  and  the  insolation  vessel  cooled.  Electrolytic  gas  was  next 
allowed  to  enter  the  insolation  vessel  by  cautiously  opening  the  tap  D. 
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Fig.  2. 


By  repeating  the  above  operations  several  times  the  apparatvis  was 
filled  with  electrolytic  gas  free  from  air.  The  tap  Z>  was  then  closed, 
U  filled  with  chlorine  water,  and  the  apparatus  was  ready  for  use,  In 
the  last  experiments  relating  to  the  present  issue  several  probable 
sources  of  error  were  manifestly  present.  In  the  first  place,  the 
insolation  vessel  was  provided  with  glass  taps,  and  although  the 
pref-sure  of  the  contained  gas  was  greater  than  atmospheric,  some 
impurity  may  have  entered  through  a  leaking  tap.  In  the  next  place, 
some  difficulty  was  expei'ienced  in  insolating  the  contents  of  the 
apparatus  without  at  the  same  time  admitting  small  quantities  of 
fresh  electrolytic  gas  in  order  to  drive  back  the  index.  In  the  present 
instance,  the  latter  imperfection  was  obviated  by  the  simple  expedient 
of  connecting  G  by  means  of  a  long  glass  capillary  tube  with  a  large 
air-tight  bottle  immersed  in  the  same  bath  as  the  insolation  vessel. 
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The  index  could  be  brought  thereby  to  any  desired  position  by  the 
pressure  of  the  air  within  the  bottle  being  adjusted.  On  first  exposing 
the  insolation  vessel  to  light,  a  small  induction  period  of  a  few  seconds 
resulted,  but  after  the  contents  of  the  actinometer  had  been  rendered 
completely  active  by  the  agency  of  light  no  period  of  induction  could 
be  again  distinguished.  Even  after  the  apparatus  had  been  allowed 
to  stand  for  more  than  a  week  in  darkness,  exposure  of  the  mixed 
gases  to  light  brought  about  immediate  foi'mation  of  hydrogen  chloride. 
Instant  combination  manifested  itself  by  a  sudden  expansion  of  the 
gases  (the  Draper  effect),  rapidly  followed  by  a  steady  movement  of  the 
index  towards  the  insolation  vessel.  There  is  thei-efore  no  decay  of  the 
activity  of  the  mixture  if  the  impurities  which  inhibit  the  chemical 
change  are  completely  removed  and  care  is  taken  to  prevent  the  con- 
tamination of  the  gases  with  fresh  impurity.  The  knowledge  of  this 
fact  is  of  supreme  importance,  for  we  are  no  longer  able  to  look  upon 
the  formation  of  intermediate  compounds  as  being  in  any  sense  account- 
able for  the  phenomenon  of  photochemical  induction.* 

There  was  another  point  awaiting  a  more  careful  examination  than 
we  had  hitherto  been  able  to  give  to  it.  Attempts  had  been  made 
to  remove  the  chlorine  completely  from  an  active  solution  without  at 
the  same  time  rendering  the  solution  inactive.  In  this  we  had  only 
been  partially  successful,  owing  no  doubt  to  the  reagents  added  to 
remove  the  last  traces  of  chlorine  containing  small  amounts  of  some 
impurity  capable  of  preventing  the  combination  of  chlorine  and 
hydrogen  in  light.  In  order  to  avoid  this  source  of  error,  an  experi- 
ment was  performed  in  the  following  way.  A  20  per  cent,  solution  of 
calcium  chloride  was  saturated  with  chlorine,  heated,  and  the  chlorine 
removed  as  far  as  possible  by  exhaustion.  The  rest  of  the  chlorine  was 
extracted  from  the  solution  bj  digesting  it  with  silver  gauze  in  a 
Soxhlet's  apparatus  for  two  days.  On  adding  5  c.c.  of  the  resulting 
liquid  to  an  actinometer  which  contained  previously  insolated  electro- 
lytic gas,  and  then  exposing  the  insolation  vessel  to  light,  we  were 
unable  to  perceive  any  signs  of  an  induction  period.  The  liquid  from 
the  Soxhlet's  apparatus  was  shown  to  be  free  from  chlorine  by  testing 
it  with  potassium  iodide  and  starch. 

The  Relation  between  the  Quantity  of  Ammonia  used  and  the  Magnitude 
of  the  Effect  j)'>'oduced  hy  it. — In  the  experiments  on  this  point  a 
Harcourt  standard  pentane  lamp  of  ten  candle  units  placed  at  a 
distance  of  50  cm.  from  the  insolation  vessel  served  as  the  means  by 
which  constant  illumination  was  secured.  To  the  actinometer,  after  it 
had  been  filled  with  active  electrolytic  gas,  5  c.c.  of  a  very  dilute 
solution  of  ammonia  were  added.     The  liquid  having  been  introduced, 

*  Inoideiitally  some  of  the  theories  i'ormulated  with  the  piupose  of  explaining 
the  action  of  water  are  deprived  of  much  of  their  force. 
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the  actinometers  were  shaken  and  allowed  to  stand  in  the  daik  for 
some  time  before  being  exposed  to  light. 

In  order  to  obtain  dilute  solutions  of  ammonia  of  known  strength,  a 
sample  of  water  free  from  ammonia  and  from  organic  compounds 
capable  of  yielding  ammonia  had  first  to  be  prepared. 

The  Removal  of  Ammonia  and  Organic  Imjjurities  from  Water. — • 
The  apparatus,  Fig.  3,  was  used.  The  flask,  A,  was  filled  with  a 
solution  of  8  grams  of  potassium  permanganate  in  500  c.c.  of  dilute 
sulphuric  acid.  The  mixture  was  gently  heated  for  twelve  hours  over 
the  water-bath.  The  flask  was  then  connected,  as  shown  in  the 
diagram,  with  the  reservoir,  B,  and  the  whole  apparatus  exhausted  with 


Fig.  3. 


a  Sprengel  mercury  pump.  The  receiver  was  next  surrounded  with  a 
freezing  mixture  and  water  distilled  from  ^  to  ^  without  the  applica- 
tion of  heat.  When  sufiicient  had  distilled  over,  the  taps  C  and  d  were 
closed,  the  receiver  disconnected  at  the  ground  glass  connections,  and 
the  water  which  it  contained  immediately  tested  in  a  previously  filled 
actinometer.  The  actual  readings  of  the  index  scale  taken  at  intervals 
of  two  minutes  were  as  under  : 


Time. 

Reading. 

Movement. 

Time. 

Reading. 

Movement 

0 

18-45 



10 

39-50 

7-50 

2 

18-70 

0-25 

12 

47-20 

7-70 

4 

20-00 

1-30 

14 

55-20 

8-00 

6 

25-20 

5-20 

16 

63-20 

8-00 

8 

32-00 

6-80 
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In  the  meantime  the  water  in  the  receiver  was  allowed  to  stand  in 
contact  with  the  air  which  hid  been  admitted  when  the  portion  for 
testing  had  been  removed.  With  the  water  thus  contaminated,  a 
second  experiment  was  performed  several  hours  afterwards.  The  result 
is  recorded  below  : 


Time. 

Reading. 

Movement. 

Time. 

Reading, 

Movement 

0 

0-.35 

— 

12 

8-50 

4-75 

2 

0-00 

-0-35 

14 

13-50 

5-00 

4 

0-05 

0-05 

16 

18-80 

5-30 

6 

0-25 

0-20 

18 

24-10 

5-30 

8 

0-75 

0-50 

20 

28-80 

4-70 

10 

375 

3-00 

The  effect  of  contamination  with  atmospheric  impurities  is 
manifest.*  With  a  sample  of  the  so-called  ammonia-free  water 
obtained  by  the  method  commonly  adopted  in  water  analysis,  the 
following:  numbers  were  obtained : 


Time. 

Reading. 

Movement. 

0 

16-1 

— 

2 

15-8 

-0-3 

4 

15-8 

0-0 

6 

15-6 

-0-2 

8 

15-6 

0-0 

10 

15-4 

-0-2 

12 

15-4 

0-0 

14 

15-6 

0-2 

Time. 

Reading. 

Movement 

16 

16-0 

0-4 

18 

17-0 

1-0 

20 

18-7 

1-7 

22 

25-0 

5-3 

24 

31-0 

6-0 

26 

39-8 

8-8 

28 

49-9 

10-1 

With  the  distilled  water  used  in  the  laboratories  for  analysis,  the 
induction  period  varied  from  forty  to  fifty  minutes. 

Solutions  containing  known  amounts  of  ammonium  chloride  in  the 
purest  obtainable  water  were  next  made,  and  the  resulting  effect  of 
the  addition  of  5  c.c.  of  these  solutions  to  the  actinometer  was 
automatically  recorded  in  the  manner  already  described.  When  5  c.c. 
of  solution  contained  0-0000036  gram  of  ammonia,  the  induction  period 
was  one  hour  and  forty-nine  minutes.  When  the  5  c.c,  of  solution 
contained  0-0000083  gram  of  ammonia,  the  induction  period  was 
three  hours  and  thirty-seven  minutes.  When  the  5  c.c.  of  solution 
contained  0  00004  gram  of  ammonia,  the  induction  period  was  sixteen 
hours  and  seven  minutes. 

For  small  quantities  of  ammonia,  the  length  of  the  induction  period 
appears  to  be  roughly  proportional  to  its  amount. 

The  discovery  of  the  fact  that  the  presence  of  ammonia  or  of  some 
unstable  substance  directly  derived  from  the  interaction  of  ammonia  and 
chlorine  is  at  any  rate  one  of  the  causes  of  the  phenomenon  known  as 
the  period  of  photochemical  induction  led  us  to  try  the  effect  of  other 
impurities  which  are  capable  of  reacting  with  and  of  being  gradually 

*  In  the  preparation  of  the  pure  water,  care  wa-s,  ol'  course,  taken  to  use  only  such 
ui.ilciials  as  were  free  from  chloride. 
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removed  by  chlorine.  The  examination  of  this  point  occupied  several 
months,  and  proved  to  be  more  difficult  than  we  had  anticipated.  The 
principal  obstacle  was  in  obtaining  compounds  free  from  ammonia  or 
from  substances  capable  of  yielding  ammonia  on  decomposition.  It 
was  at  first  thought  that  one  or  two  of  the  substances  included  in  the 
following  list  exerted  an  influence  similar  to,  although  not  so  great  as, 
that  of  ammonia  on  the  combination  of  hydrogen  and  chloride,  but  this 
was  ultimately  traced  to  the  presence  of  impurities  in  the  compounds 
in  question.  The  addition  of  the  following  substances  to  a  mixture  of 
chlorine  and  hydrogen  does  not  prevent  action  between  those  gases 
from  taking  place  in  the  light :  * 

(1)  Alcohol.  (7)  Nitric  acid. 

(2)  Ether.  (8)  Stannous  chloride. 

(3)  Benzene.  (9)  Hydrogen  peroxide. 

(4)  Sulphur  dioxide,  (10)  Potassium  permanganate. 

(5)  Sulphui-etted  hydrogen.  (11)  Aqua  regia. 

(6)  Nitrous  acid. 

We  must  now  give  a  short  space  to  the  consideration  of  an  apparent 
disci-epancy  between  the  results  of  some  of  our  earlier  experiments  and 
the  recent  observations  concerning  the  specific  effect  of  traces  of 
ammonia.  It  had  been  repeatedly  noticed  that,  even  after  the  contents 
of  an  actinometer  had  been  so  well  insolated  that  after  the  insolation 
vessel  had  been  shaken  and  then  immediately  exposed  to  light  no 
indication  of  an  induction  period  could  be  obtained,  a  distinct  decay  of 
activity  took  place  in  the  dark  after  the  lapse  of  a  few  days.  This 
fact  could  not  be  explained  by  the  assumption  that  ammonia  is  the  only 
substance  which  will  completely  prevent  the  interaction  of  hydrogen 
and  chlorine.  For  the  combination  of  the  chlorine  and  hydrogen 
could  not  have  proceeded  at  a  steady  pace  in  the  first  instance  until 
the  whole  of  the  ammonia  had  been  destroyed,  and  as  soon  as  this  state 
of  affairs  had  been  reached  there  was  no  conceivable  mode  by  which 
the  system  could  have  returned  to  its  old  condition.  The  effect  to 
which  we  refer  could  not  be  observed  when  a  solution  of  ammonium 
chloride  in  pure  water  was  used  to  inhibit  the  reaction  between  chlorine 
and  hydi"ogen.  If,  however,  water  from  which  the  organic  impurities 
had  not  been  carefully  removed  was  employed  in  a  similar  experi- 
ment, the  so-called  decay  of  activity  occurred  after  the  actinometer 
had  stood  for  some  hours  in  the  dark;  and,  accordingly,  impure  water 
as  a  general  rule  contains  besides  ammonia  other  impurities  capable  of 
yielding  after  a  time,  when  submitted  to  the  action  of  chlorine,  com- 

*  Aniliue  and  dimethylaniline  appear  to  act  iuhibitively.  Up  to  the  present, 
however,  their  specific  effect  has  not  been  made  the  subject  of  a  comprehensive 
inquiry. 
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pounds  which  will  prevent  that  element  from  combining  with  hydrogen 
in  the  light.  Since  several  organic  compounds  free  from  nitrogen  had 
been  tested,  and  found  not  to  exert  an  influence  similar  to  that  of 
ammonia,  it  was  thought  that  the  impurities  contained  in  water,  and 
to  the  preseDce  of  which  the  effect  in  question  is  due,  must  be 
nitrogenous  substances  capable  of  yielding  ammonia  on  oxidation. 
This  conjectux-e  was  shown  to  be  correct  by  an  experiment  with  egg 
albumen  :  O'Ol  gram  of  egg  albumen  was  dissolved  in  100  c.c.  of  water, 
and  5  c.c.  of  this  solution  were  tested  iu  an  actinometer  in  the  usual  way. 
On  exposure  to  light  there  was  an  induction  period  of  one  hour.  The 
next  day,  after  standing  in  the  dark  for  sixteen  hours,  the  induction 
period  was  one  hour  and  fifty-four  minutes,  or  almost  twice  as  long  as 
that  observed  when  the  insolation  vessel  was  first  exposed  to  light.  A 
third  exposure  on  the  day  following  resulted  in  a  period  of  inertness 
of  one  hour  and  forty-five  minutes.  It  has  been  already  stated  that 
no  such  effect  can  be  observed  when  for  the  solution  of  albumen  one  of 
ammonia  in  pure  water  is  substituted ;  in  such  circumstances,  the 
second  induction  period  is  always  considerably  shorter  than  the  first. 
This  gradual  decomposition  of  the  nitrogenous  organic  substances  in 
an  aqueous  solution  of  chlorine  was  undoubtedly  the  cause  of  our 
inability  in  the  first  instance  to  demonstrate  the  non-existence  of  the 
so-called  decay  of  activity,  and  is  mainly  responsible  for  the  eri-oneous 
views  concerning  the  period  of  chemical  induction  which  have 
prevailed  for  half  a  century. 

Before  passing  on  to  the  consideration  of  another  aspect  of  the 
problem  of  the  combination  of  chlorine  and  hydrogen,  one  other 
obscurity  must  be  removed.  In  the  first  experiment  demonstrating  that 
a  pure  mixture  of  moist  chlorine  and  hydrogen  responds  immediately  to 
the  action  of  light,  an  actinometer  with  an  insolation  vessel  constructed 
of  quartz  was  used.  At  the  time  it  was  thought  that  the  result  was  due 
to  the  circumstance  that  quartz  had  been  substituted  for  glass.  Know- 
ing as  we  did  the  inhibitive  effect  of  minute  traces  of  ammonia,  we 
thought  that  it  was  not  impossible  that  some  impurity  capable  of  pre- 
venting for  a  time  the  combination  of  chlorine  and  hydrogen  might  be 
produced  by  the  action  of  chlorine  on  glass.  It  has,  however,  been 
shown  that  the  experiment  can  be  equally  well  performed  in  an 
apparatus  constructed  entirely  in  glass,  and  that  the  successful  result 
with  the  quartz  actinometer  was  really  due  to  the  fact  that  in  filling 
it  with  electrolytic  gas  the  liquid  contained  within  it  had  to  be  heated 
for  some  time  in  the  presence  of  chlorine,  an  operation  which  would 
clearly  result  in  the  destruction  of  those  nitrogenous  organic  com- 
pounds most  likely  to  yield  substituted  ammonias  on  standing  with 
chlorine.  We  shall  now  discuss  another  important  class  of  facts 
directly  connected  with  the  subject. 
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Exjyansion  Experiments. 

The  experiments  of  C.  T.  R.  Wilson  on  cloud  formation  suggested  to 
Bevan  the  desirability  of  investigating  the  subject  in  the  light  of  the 
known  facts  concerning  the  formation  of  clouds  in  suddenly  expanded 
gases  saturated  with  water  vapour.  We  may  say  that  our  experience 
in  this  department  of  the  subject  coincides  closely  with  that  of  Bevan, 
but  we  hope  to  be  able  to  show  that  the  facts  will  bear  an  interpreta- 
tion consistent  with  the  views  developed  in  this  paper.  Briefly, 
what  Bevan  found  was  this.  Firstly,  that  when  strongly  illuminated 
chlorine  is  suddenly  expanded  a  fine  rain  appears  at  an  expansion  of 
1-30,*  and  a  cloud  at  an  expansion  of  1*46,  whereas  with  darkened 
chlorine  the  cloud  does  not  appear  until  an  expansion  of  1*50  ap- 
proximately is  made.  Secondly,  that  when  darkened  electrolytic  gas 
is  expanded,  only  a  few  drops  can  be  observed  with  an  expansion  of 
less  than  1-42,  whereas  with  the  illuminated  gas,  drops  begin  to  be 
formed  at  an  expansion  of  1'22  and  a  thick  cloud  is  formed  at  an 
expansion  of  1"36.  Thirdly,  that  if,  after  hydrochloric  acid  has  begun 
to  be  formed,  an  expansion  is  made,  the  formation  of  hydrochloric  acid 
stops  if  the  expansion  is  large  enough  to  produce  a  cloud.  These  are 
the  jirincipal  facts  established  by  Bevan,  and  from  them  in  conjunction 
with  others  of  secondary  importance  he  draws  the  following  con- 
clusions : 

(1)  When  chlorine  is  strongly  illuminated,  condensation  nuclei  are 
produced,  these  nuclei  being  the  cause  of  the  cloud  appearing  at  a  less 
expansion  in  the  illuminated  than  in  the  non-illuminated  gas.  The 
nuclei  are  addition  compounds  of  the  type  Clg.HgO. 

(2)  Condensation  nuclei  are  also  the  cause  of  the  difference  which 
was  observed  with  illuminated  and  non-illuminated  electrolytic  gas, 
but  in  this  case  the  nuclei  are  addition  compounds  of  chlorine  water 
and  hydrogen,  of  the  type  ClgiHgOjHg,  which  are  formed  by  the  com- 
bination of  hydrogen  molecules  with  the  complexes  ClgjHgO.  The 
hydrochloric  acid  is  formed  by  the  breaking  down  of  the  addition  com- 
pound Cl2,H.,0,H2  into  water  and  hydrochloric  acid. 

(3)  The  removal  of  the  condensation  nuclei  by  the  formation  of  a 
cloud  will  clearly  at  the  same  time  remove  the  molecules  from  which 
hydrogen  chloride  can  alone  be  formed,  and  for  this  reason  the  gas 
becomes  inactive  after  the  cloud  has  subsided. 

There  are  indications  that  the  facts  will  not  bear  the  interpretation 
given  to  them  by  Bevan.  For,  in  the  first  place,  evidence  of  the  forma- 
tion of  condensation  nuclei  in  moist  chlorine  could  only  be  obtained 

*  The  number  1'30  is  the  ratio  of  the  pressure  liefore  expansion  to  that  after 
expansion. 
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when  a  strong  light  was  used  to  illuminate  the  gas,  whereas  nuclei 
were  found  in  electrolytic  gas  when  the  illumination  was  feeble,  a  fact 
not  in  good  accord  with  the  theory,  which  postulates  that  the  nuclei  of 
electrolytic  gas  are  directly  formed  from  those  of  chlorine  by  the 
addition  of  molecules  of  hydrogen.  A  simple  deduction  fi-om  the 
theory  would  be  that  nuclei  should  be  formed  in  chlorine  at  least 
as  readily  as  in  electrolytic  gas.  The  circumstance  that  a  much 
stronger  illumination  is  required  to  produce  nuclei  in  chlorine  gas 
than  in  a  mixture  of  hydrogen  and  chlorine  points  to  the  con- 
clusion that  the  difference  observed  in  the  light  and  dark  is  due  in 
both  cases  to  the  formation  of  hydrochloric  acid  in  the  light.  We 
shall  return  to  the  consideration  of  this  point  after  describing  our  own 
experiments. 

Ttie  first  question  requiring  further  examination  was  this.  Does 
the  formation  of  a  cloud  by  expansion  in  electrolytic  gas,  which  has  by 
exposure  to  light  acquired  the  property  of  instantly  combining  in 
light,  deprive  the  g\s  of  the  power  which  it  has  gained  1  At  the  time 
that  Bevan  attempted  to  answer  this  -question,  the  available  in- 
formation which  could  be  brought  to  bear  on  its  solution  was  not 
sufficiently  detailed  to  prevent  mistakes  being  made.  Bevan,  it  is 
true,  had  made  the  important  discovery  that  by  washing  insolated 
electrolytic  gas  with  water  it  re-acquired  the  properties  which  it 
possessed  before  insolation,  but  it  was  not  known  that  when  a  vessel 
containing  both  water  and  electrolytic  gas  is  exposed  to  light  the  gas 
and  the  water  immediately  in  contact  with  it  can  become  active  without 
the  rest  of  the  water  being  much  affected,  so  that  a  disturbance  such 
as  that  produced  by  making  an  expansion  could  bring  the  inactive 
liquid  into  contact  with  the  gas  with  an  obvious  result.  However 
this  might  be,  Bevan's  experiment  had  to  be  repeated,  avoiding  the 
source  of  error  here  indicated. 

In  the  experiments  relating  to  this  point,  Wilson's  expansion  ap- 
paratus was  not  used  owing  to  the  obvious  difficulty  of  insolating  the 
chlorine.  The  apparatus  employed  is  depicted  in  Fig.  4.  The 
insolation  vessel.  A,  contained  a  few  c.c.  of  water  almost  free  from 
ammonia. 

The  air  in  the  apparatus  was  first  displaced  by  chlorine,  which  was 
heated  for  some  time  with  the  liquid  contained  in  it  in  order  to  destroy 
the  impurities.  The  chlorine  was  next  displaced  by  a  mixture  of 
hydrogen  and  chlorine,  and  exposed  to  light  until  all  the  objectionable 
impurities  contained  in  the  gas  had  been  destroyed.  It  could  easily 
be  decided  when  this  had  been  accomplished  by  allowing  the  actino- 
meter  to  stand  for  some  time  in  the  dark  and  then  re-exposing  to  light, 
when  the  gases  should  instantly  expand  owing  to  the  immediate 
lormation  of  hydrochloric  acid.     An  experiment  was  performed  in  tin.- 
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following  way.  An  amount  of  liquid  sufficient  to  serve  as  an  index 
was  transferred  from  A  to  B.  The  taps  a  and  b  were  closed,  and  B 
partially  exhausted.  When  it  was  thought  that  the  exhaustion  was 
sufficient,  c  was  closed  and  a  suddenly  opened.  A  cloud  was  produced 
in  A  by  the  sudden  expansion,  which  subsided  more  or  less  rapidly 
according  to  the  size  of  the  drops  contained  in  it.  When  an  expansion 
of  more  than  a  given  amount  is  made,  a  fog  consisting  of  numberless 
minute  drops  is  produced.  These  drops  evaporate  long  before  they  can 
fall  to  the  bottom  of  the  vessel.  Immediately  after  making  the  expansion, 
the  tap  a  was  closed  and  b  opened.  On  exposing  A  to  light,  instant 
combination,  as  indicated  by  an  immediate  expansion  of  the  gas, 
occurred.     By  varying  the  expansion  and  also  the  length  of  time  from 


/ 


^ 


B 


Fig.  4. 


the  expansion  to  the  exposure  to  light  we  were  unable  to  observe  any 
departure  from  the  above  result.  So  that  when  due  consideration  is 
given  to  the  necessity  of  completely  insolating  both  the  liquid  and  the 
gas,  no  evidence  of  molecules  of  an  intermediate  compound  capable  of 
acting  as  condensation  nuclei  could  be  obtained. 

The  Formation  of  Clouds  in  Illuminated  and  DarJcened  Chlorine. — The 
apparatus,  as  will  be  seen  from  the  diagx'am.  Fig.  5,  was  similar  in 
principle  to  one  described  by  C.  T.  R.  Wilson  {Phil.  Trans.,  1897,  189, 
276).  Several  modifications  had,  however,  to  be  introduced  owing  to 
the  special  circumstances  of  the  experiments  and  the  limitations 
imposed  by  the  use  of  chlorine.  The  expansion  vessel,  A,  was  provided 
with  a  loosely-fitting  piston,  B.  It  is  essential  that  the  convex  base  of 
the  piston  should  be  carefully  ground  so  as  to  fit  exactly  the  lower 
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portion  of  the  expansion  vessel,  otherwise  the  liquid  used  to  lubricate 
the  piston  and  prevent  the  escape  of  gas  is  liable  to  be  drawn  out  on 
making  an  expansion.  The  part  of  the  apparatus  above  A  is 
designed  for  the  double  purpose  of  containing  the  liquid  for  lubricating 
the  piston  and  a  supply  of  the  gas  to  be  experimented  upon.  The  ex- 
pansion is  made  with  the  portion  of  the  apparatus  shown  on  the  left  of 
the  figure.  Direct  communication  between  the  expansion  chamber,  A, 
and  the  evacuated  bottle,  /iT,  can  be  established  by  removing  the  rubber 


Topu 


Fig.  5. 


stopper,  .S',  from  the  mouth  of  the  tube,  T,  which  it  closes.  The  sudden 
reduction  of  pressure  thus  effected  causes  the  piston  rapidly  to  descend. 
The  glass  rod,  R,  with  which  the  stopper,  S,  is  raised  and  lowered  passes 
through  the  constricted  upper  poi'tion  of  the  tube,  M,  the  opening  being 
rendered  air-tight  by  means  of  the  rubber  tube,  G.  The  part  of  the 
appax-atus  shown  on  the  right  of  the  figure  is  a  pressure  gauge,  the 
pressure  being  deduced  from  the  volume  occupied  by  a  fixed  quantity 
of  air  enclosed  ia  the  buretLo,  L.     A  mercury  gauge  cau  bo  used,  but 
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the  inconv^eniences  attending  its  use  with  chlorine  are  considerable. 
An  expansion  of  any  desired  amount  can  be  made  in  the  following  way. 
The  piston  is  raised  by  pumping  air  into  the  apparatus  through  the 
tap  E..  For  this  purpose  an  ordinary  bicycle  pump  with  an  india- 
rubber  valve  is  used.  The  tap  E  is  next  closed  and  the  pressure 
recorded.  The  expansion  is  then  made  in  the  manner  already 
described.  In  order  to  measure  the  pressure  in  the  expansion  chamber 
after  an  expansion  has  been  made,  air  is  cautiously  admitted  through 
the  capillary  tap  F,  the  piston  being  in  the  meanwhile  carefully 
observed.  As  soon  as  the  piston  rises  the  pressure  is  again  noted.  If 
P^  is  the  pressure  in  the  expansion  chamber  before,  and  P^  that  after 
expansion,  then  PJP.^  is  the  desired  ratio.  The  general  characteristics 
of  a  cloud  produced  by  an  expansion  are  readily  distinguishable  when 
viewed  either  by  yellow  or  by  white  light. 

In  order  to  test  if  our  apparatus  would  give  results  similar  to  those 
obtained  by  Wilson,  a  few  exiDansions  were  made  with  moist  air  in  the 
expansion  chamber.  The  few  recorded  observations  are  in  good  agree- 
ment with  those  taken  from  Wilson's  paper,  as  a  comparison  of  the 
following  statements  will  show. 

Pj/Z'g-  Character  of  cloud. 

1"366  Eain  falling  in  ten  seconds. 

1"383  Fog,  drops  taking  about  one  minute  to  fall. 

1-395  Fog,  disappeared  by  evaporation. 

1'414  Beautiful  greenish-blue  fog. 

Wilson  obtained  the  following  results  : 

Pj/Pg-  Character  of  cloud. 

1-378  Colours  scarcely  visible,  drops  settled  in  a  few  seconds. 

1*385  Rings  brilliant,  took  several  minutes  to  settle. 

1'419  Bluish-green  fog. 

The  apparatus  was  filled  with  chlorine  in  the  following  way.  A 
suitable  amount  of  liquid  was  first  introduced  into  X  and  Y.  Chlorine 
gas  was  then  passed  in  at  the  tap  a  and  out  at  the  tap  d.  In  the 
meantime  h  was  left  open  and  c  closed.  To  ensure  the  complete  dis- 
placement of  the  air  in  the  expansion  chamber,  the  piston  was  moved 
slowly  up  and  down  whilst  the  chlorine  was  being  led  through  the 
apparatus.  The  time  occupied  in  filling  the  apparatus  is  considerably 
shortened  if  the*  liquid  which  it  contains  is  saturated  with  chlorine 
before  introduction.  Whilst  the  expansions  are  being  made,  the  tap 
c  must  be  occasionally  opened  and  a  small  amount  of  water  allowed  to 
run  down  on  to  the  piston  for  the  purpose  of  lubrication.  If  the  grind- 
ing at  the  bottom  of  the  expansion  chamber  is  thorough  it  is  only 
necessary  to  introduce  fresh  liquid  after  every  four  or  five  expansions. 
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Witli  chlorine  alone,  six  series  of  measurements  were  made  :  three 
when  the  lubricating  liquid  was  ammonia  free,  and  three  when  it  con- 
tained ammonia.  In  both  cases  the  three  series  of  observations  were 
in  bright  white  light,  in  white  light  of  moderate  intensity,  and  in 
yellow  light.  The  intense  white  light  was  obtained  by  concentrating 
the  rays  from  a  25  c.p.  electric  lamp  on  the  expansion  chamber  by 
means  of  a  large  flask  of  cold  water.  The  moderate  illumination  was 
produced  by  the  same  lamp  placed  at  a  distance  of  50  cm.  from  the 
expansion  chamber  and  with  the  interposition  of  a  water  lens.  The 
yellow  light  was  obtained  by  filtering  white  light  through  a  solution 
of  potassium  bichromate,  the  light  being  subsequently  passed  through  a 
vertical  slit  2  mm.  broad  and  2  cm.  long.  By  employing  a  narrow 
beam  of  light,  the  character  of  the  cloud  is  more  easily  discerned,  and  at 
the  same  time  the  total  amount  of  light  falling  on  the  chlorine  is 
reduced.     The  results  are  tabulated  below  : 

I.   A  Solution  of  Chlorine  in  Ammonia-free  Water  was  used  to  Lubricate 

the  Piston. 

Expansion  =  Pj/Po. 


Strong  Moderate 

Gliaracter  of  cloud.  white  light.  wliite  light.  Yellow  light. 

Finerain 1-30— 1-33  I'SS— 1-42  1-42— 1-44 

Rain     1-33— I'SS  1-42— 1-4G  1-44— 1-46 

Rainclond 1-38— 1-42  1-46— t -48  1-46— 1-48 

Thick    ,,     1-42— 1-45  1-48— 1-50  1-48— 1-50 

Fog 1-46  1-51                        1-51 


II.   A  Solution  of  Chlorine  in   Water  containing  Ammonia  was  used  to 
Lubricate  the  Piston. 


Expansion  =  -Pi/P^- 


Strong  Moderate 

Character  of  cloud.  white  light.  white  light.  Yellow  light. 

Finerain 1-30— 1-35  1-40— 1-43  1-40— 1-45 

Rain 1-35— 1-38  1-43— 1-47  1-45— 1-46 

Rain  cloud  1-38— 1-41  1-47— 1-49  1-46— 1-48 

Thick    ,,     1-41— 1-43  1-49— 1-50  1-48— 1-50 

Fog 1-45  1-51  1-51 

The  results  obtained  with  a  moderate  light  when  compared  with 
those  obtained  with  a  yellow  light  are  instructive.  They  are  practi- 
cally identical  and  furnish  no  evidence  of  the  formation  of  condensation 
nuclei,  although  the  intensity  of  the  white  light  was  certainly 
sulllciently  great  to  cause  rapid  combination  of  hydrogen  and  chloi-ine. 
If  the  fii'st  step  in  the  formation  of  hydrochloric  acid  from  a  moist 
mixture  of  chlorine  and  hydrogen  were  the  production  of  molecules  of  the 
type  Cl.^, 11,^0  capable  of  acting  as  condensation  nuclei,  it  ought  clearly 
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to  be  possible  to  obtain  some  evidence  of- their  formation  when  moist 
chlorine  is  illuminated  with  white  light  of  the  intensity  mentioned. 

The  effect  of  the  light  is  only  apparent  when  its  intensity  reaches 
a  value  at  which  it  is  conceivable  that  the  reaction  represented  by  the 
equation 

2H20  +  2Cl2  =  4HCl  +  02 

proceeds  at  an  appreciable  rate,  that  is,  when  hydrochloric  acid  is 
formed  rapidly  enough  to  increase  materially  the  extent  of  supersatura- 
tion.  The  formation  of  hydrochloric  acid  within  a  moist  gas  would 
clearly  aid  the  condensation  of  moisture,  and  if  an  expansion  were 
made  when  a  tendency  to  condensation  already  existed  it  is  obvious 
that  a  less  expansion  would  be  required  to  reach  that  degree  of  super- 
saturation  at  which  a  cloud  is  formed  than  if  that  tendency  did  not 
exist.  There  is  in  fact  so  far  as  we  can  see  no  sufficient  reason  for 
rejecting  this  simple  explanation  of  the  facts. 

There  is  one  other  circvimstance  worth  noting,  namely,  that  the  intro- 
duction of  ammonia  into  the  system  does  not  retard  but,  if  anything, 
facilitates  the  formation  of  a  cloud.  Such  a  fact  might  be  taken  to 
indicate  that  the  presence  of  ammonia  or  of  the  substituted  ammonias 
does  not  prevent  the  reaction  between  water  and  chlorine  from  taking 
place.  It  must  not,  however,  be  forgotten  that  hydrochloric  acid  can 
arise  from  the  interaction  of  ammonia  or  of  the  partially  substituted 
ammonias  and  chlorine.  There  is  a  further  possibility  of  hydrochloric 
acid  being  produced  by  the  interaction  of  nitrogen  trichloride  and  water 
in  accordance  with  the  equation 

4NCI3  +  SHgO  =  2N2  -I-  O2  +  6HC1. 

The  expansion  experiments  with  a  mixture  of  chlorine  and  hydrogen 

lend  additional  support  to  the  view  here  expressed,  that  the  difference 

observed  in  the  light  and  in  the  dark  is  really  due  to  the  greater  degree 

of  supersaturation  resulting   from   the  formation  of  hydrochloric  acid 

in  the  former  case.      Two  series  of  measurements  were  made.     In  the 

first  the  liquid  used  to  lubricate  the  piston  was  obtained  from  water 

containing  ammonia,  and  in  the  second  from  ammonia-free  water.     The 

light  was  a  25  c.p.  incandescent  lamp  placed  at  a  distance  of  50  cm. 

from  the   expansion  chamber.     In  other  respects  the  two   series  of 

observations  were  made  under  precisely  similar  conditions. 

Below  are  the  tabulated  results  : 

Expansion  =  PJPo- 

Character  of  cloud.  With  ammonia.  Without  ammonia. 

Fine  rain   ISS— 1-42                        I'SO— 1-38 

Rain    1-42— 1-43                         1-33— 1-35 

Raincloud     1-44                                  1-35 

Thick    ,,        1-46                                  1-36 

Fog 1-47                                  1-37 
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When  the  expansions  were  made  in  the  dai'k,  results  practically 
identical  with  those  in  the  first  column  of  the  above  table  were 
obtained  with  the  ammonia-free  gas. 

It  will  be  observed  that  a  cloud  is  formed  at  a  lower  expansion 
both  in  chlorine  and  electrolytic  gas  only  in  such  circumstances  as  are 
known  to  favour  the  foi-mation  of  hydrogen  chloride,  and  it  is  there- 
fore not  unreasonable  to  suppose  that  the  increased  tendency  to  form 
a  cloud  is  directly  due  to  a  state  of  supersaturation  set  up  by  the 
continuous  production  of  hydrogen  chloride  in  the  presence  of  water 
vapour. 

It  is  probable  that  charged  ions,  or  at  any  rate  molecules  differing 
from  the  ordinary  molecules  of  which  the  gases  are  mainly  composed, 
may  yet  be  discovered  either  in  chlorine  or  in  electrolytic  gas  when 
subjected  to  the  influence  of  light,  but  at  present  we  believe  that 
neither  Bevan's  experiments  nor  our  own  furnish  sufficient  evidence  of 
the  formation  in  illuminated  chlorine  of  condensation  nuclei  differing 
essentially  in  character  from  those  present  under  all  conditions  in  the 
gas. 

Experiment  relating  to  the  Extinction  Coefficient. 

It  has  at  various  times,  and  by  more  thaii  one  authority,  been 
assei'ted  that  a  definite  pi-oportion  of  the  rays  absorbed  during  chemical 
change  are  expended  in  bringing  about  the  change.  Bunsen  and 
Boscoe  interpret  some  of  their  experiments  with  the  aid  of  the  assump- 
tion that  the  absorbed  rays  can  be  divided  into  two  distinct  parts, 
those  which  are  absorbed  by  the  substances  in  the  mixture  in  virtue 
of  their  optical  properties  and  those  which  effect  the  chemical 
changes.  If  this  view  were  correct^  then  a  mixture  of  air  and 
chlorine  in  equal  proportions  would  absorb  less  light  than  a  mixture 
of  hydrogen  and  chlorine.  Bunsen  and  Roscoe  claim  to  have  shown 
expeiimentally  that  such  is  the  case,  but  their  work  is  open  to  one 
serious  objection.  For  want  of  precise  information  on  the  point,  they 
were  compelled  to  assume  that  a  formula  which  is  only  strictly 
applicable  for  monochromatic  light  could  for  all  practical  purposes  be 
used  in  interpreting  the  results  of  experiments  performed  with  com- 
posite light. 

This  weakness  was  I'ecognised  at  the  time  by  Bunsen  and  Roscoe, 
and  the  practical  validity  of  the  approximation  made  by  them  has 
since  l)een  called  in  question  by  Pringsheim  and  others.  Up  to  the 
present  time,  however,  no  attempt  has  been  made  to  settle  the 
disputed  point  by  a  further  appeal  to  experiment. 

The  question  has  been  re-examined  by  us,  using  a  method  free  from 
the  objection  indicated  above.  The  results  point  to  the  conclusion 
that   if  there   is   any  difference   in    the  relative  transparency  of  a 
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mixture  in  equal  pvoportions  of  air  and  chlorine  and  of  electrolytic 
gas,  it  is  of  an  order  of  magnitude  not  detectable  by  the  means  at 
present  at  our  disposal.  A  short  description  of  our  mode  of  working 
must  be  here  included. 

The  insolation  vessel,  /,  was  enclosed  in  a  bath  constructed  of  sheets 
of  plain  glass.  The  tank  was  surrounded  with  felt,  and  was  provided 
with  a  felt  cover.  The  light  was  admitted  through  a  window,  a  h. 
The  index  reservoir  of  the  actinometer  communicated  with  a  large 
bottle,  X,  immersed  in  the  bath.  The  water  in  the  bath  was  stirred  by 
a  current  of  air  blown  in  at  the  bottom,  and  its  temperature  was 
maintained  constant  by  means  of  an  electric  thermo-regulator  con- 
trolling an  incandescent  electric  lamp  placed  in  the  same  bath.  The 
liquid  used  in  the  thermo-regulator  was  olive  oil,  and  the  U-tube,  A,  con- 
taining this  liquid  was  also  filled  with  pieces  of  copper  gauze  in  order 
to  ensure  the  rapid  conduction  of  heat  from  the  walls  to  the  interior. 


Fig.  6. 


The  expansion  of  the  oil  drove  a  narrow  thread  of  mercury  in  the 
capillary  tube,  a  h,  downwards,  and  broke  contact  at  a  between  a 
platinum  wire  fused  into  the  walls  of  the  capillary  tube  and  the 
mercury.  The  other  end  of  the  thread  of  mercury  was  in  continuous 
connection  with  a  wire  thrust  down  the  tube.  The  wires  at  a  and  h  were 
the  terminals  of  a  circuit,  including  a  small  storage  cell,  c,  and  a  post- 
oflSce  relay,  P.  The  lighting  circuit,  including  an  8  c.p.  incandescent 
lamp,  L,  was  closed  and  opened  by  the  relay  according  as  the  wire  at 
a  was  or  was  not  in  contact  with  the  thread  of  mercury.  The  lamp 
was  enclosed  in  an  opaque  cylinder,  Z,  and  immersed  in  the  bath  with 
the  thermo-regulator.  During  the  experiment  the  temperature  never 
varied  more  than  0'02°.  The  need  for  maintaining  the  temperature 
constant  will  be  evident  when  it  is  remembered  that  a  slight  varia- 
tion in  the  composition  of  the  mixture  enclosed  in  the  insolation  vessel 
owing  to  a  disengagement  of  chlorine  from  the  solution  may  cause 
considerable  variations  in  the  sensitiveness  of  the  instrument. 
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A  troublesome  source  of  error  is  one  already  indicated  in  the  account 
of  our  preliminary  experiments.  We  allude  to  the  disengagement  of 
chlorine  which  takes  place  owing  to  the  production  of  hydrochloric 
acid,  and  which  manifests  itself  by  an  expansion  after  the  light  is  shut 
off.  The  effect  of  this  source  of  error  is,  of  course,  to  increase  the 
initial  readings.  When  water  is  used  in  the  insolation  vessel  to 
absorb  the  hydrochloric  acid,  it  is  frequently,  owing  to  this  cause, 
impossible  to  obtain  constant  readings  until  the  index  liquid  has 
moved  through  almost  the  whole  length  of  the  index  tube,  and  is 
about  to  enter  the  insolation  vessel.  At  the  outset,  accordingly,  experi- 
ments had  to  be  performed  in  order  to  discover  an  absorbent  liquid 
less  liable  to  this  objection.  A  mixture  of  four  parts  of  strong  hydro- 
chloric acid  to  one  of  water  was  found  to  serve  the  purpose.  When 
this  solution  was  used,  the  expansion  on  standing  in  the  dark  was  not 
more  than  l/30th,  whereas  with  water  it  may  even  be  greater  than 
the  total  volume  of  hydrochloric  acid  formed.  The  error  here 
indicated  is,  of  course,  decreased  by  reducing  the  intensity  of  the 
light. 

Another  point  to  bear  in  mind  is  the  necessity  of  completely  destroy- 
ing all  those  substances  which  can  give  rise  to  an  induction  period. 
If  this  is  not  attended  to  the  instrument  is  liable  to  become  more 
sensitive  during  use. 

It  is  best  to  fill  the  actinometer  with  a  mixture  containing  an  excess 
of  one  or  other  of  the  gases,  as  a  slight  variation  in  the  composition  of 
the  mixture  will  then  affect  to  a  less  degree  the  indications  of  the 
instrument. 

The  apparatus  used  to  contain  the  gas  whose  extinction  coefficient 
it  was  desired  to  measure  is  depicted  in  Fig.  7.  It  consisted  of  a 
hollow  glass  cylinder  with  a  circular  rim  at  both  ends.  Two  plates, 
B^  and  B.^,  were  ground  at  their  edges  to  fit  the  ends  of  the 
cylinder,  the  joint  between  the  cylinder  and  the  plates  being 
made  air-tight  with  a  layer  of  Faraday  cement  on  the  outside. 
The  cylinder  was  provided  with  two  taps,  a  and  b,  for  filling.  The 
taps  were  lubricated  with  vaseline,  which  does  not  interfere  with 
the  reaction  between  hydrogen  and  chlorine.  Two  metal  cylinders, 
Cj  and  C2,  with  circular"  apertures,  a;^  x.^  and  y-^^  y.-^,  enclosed  the 
apparatus.  The  cylinder  was  interposed  between  the  source  of  light 
and  the  insolation  vessel  with  its  plane  faces  at  right  angles  to  the 
incident  beam,  and  was  firmly  clamped  in  position  during  an  experi- 
ment. The  distance  between  the  glass  plates  was  60  mm.  In  filling 
the  apparatus  with  electrolytic  gas,  all  the  obvious  precautions  neces- 
sary to  obtain  a  sensitive  mixture  were  observed,  and,  as  a  matter  of 
fact,  a  very  fair  estimate  of  the  character  of  the  mixture  was  obtained 
by  affixing  an  index  to  the  exit  tube  and  observing  the  magnitude  of 
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the  Draper  etfecfc.  The  Draper  effect  for  a  light  of  given  intensity  is 
roughl}^  proportional  to  the  sensitiveness  of  the  mixture. 

The  first  series  of  experiments  was  performed  with  a  moist  mixture 
of  hydrogen  and  chlorine,  but  these  had  to  be  abandoned  owing  to  the 
circumstance  that  as  soon  as  light  fell  upon  the  mixed  gases  a  deposit 
of  dew  was  formed  on  the  glass  plates,  which  intercepted  part  of  the 
light.     Gases  dried  with  sulphuric  acid  were  therefore  vised. 

Experiment  I. — The  source  of  light  was  an  8  c.p.  incandescent  lamp. 
The  voltage  at  the  terminals  of  the  lamp  oscillated  slightly,  but  the 


Fig.  7. 


mean  value  was  constant.  The  lamp  was  at  a  distance  of  84  cm. 
from  the  insolation  vessel  and  50  cm.  from  the  nearest  plate  of  the 
extinction  apparatus.  The  air  in  the  extinction 'apparatus  was  first 
displaced  by  chlorine,  the  chlorine  being  in  its  turn  displaced  by 
electrolytic  gas,  which  was  let  in  at  the  top  and  out  at  the  bottom  of 
the  apparatus.  After  the  gas  had  been  passing  through  for  three 
hours,  a  series  of  measurements  was  made.  At  the  end  of  a  further 
three  hours  a  fresh  series  of  readings  was  taken,  the  stream  of  gas 
being  in  the  meanwhile  continued.  The  results  are  contained  in  the 
subjoined  table  : 
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After  3  hours. 
1...      7'45  cm.  in  10  luiDutes 
2...      r25    ,,         ,,         ,, 
o...      I'oO    ,,  ,,         ,, 


Mean..,     7-35 


After  6  hours, 
1...     7  50cm.  in  10 minutes 
2...     7-60    „ 
6...       i'u\)     ,,  ,,  ,, 


Mean...     7*53 


The  mixed  gases  were  now  displaced  by  air  dried  with  sulphuric 
acid.  The  barometer  at  the  end  stood  at  770  mm.  A  manometer  was 
affixed  to  the  apparatus  and  the  air  removed  with  the  water  pump 
until  the  pressure  in  the  apparatus  was  385  mm.  Dry  chlorine  was 
then  admitted,  the  supply  of  gas  being  shut  off  as  soon  as  the  pressure 
had  reached  that  of  the  atmosphere.  Three-quarters  of  an  hour  was 
allowed  for  the  gases  to  mix,  and  then  readings  were  taken.  These 
are  recorded  below. 

1 7*40  cm.  in  10  minutes 

2 7-25    „ 

3 7-00    „ 

4 715    „ 


Mean 7-20    „         „         „ 

The  temperature  of  the  bath  during  this  experiment  was  19*90°. 

Experiment  II. — In  this  experiment  the  source  of  light  was  a 
Harcourt  10  c.p.  pentane  lamp.  In  other  respects  the  conditions 
were  similar  to  those  in  the  last  experiment.  Summing  the  readings 
we  obtain  the  result : 

Movement  of  index  with  electrolytic  gas  in  the  extinction  apparatus, 
42*90  cm.  in  forty-five  minutes. 

Movement  of  the  index  with  a  mixture  of  chlorine  and  oxygen  in  the 
apparatus,  43*60  cm.  in  forty-five  minutes. 

The  ratios  of  the  mean  readings  obtained  with  electrolytic  gas  to 
those  obtained  with  a  mixture  of  chlorine  and  oxygen  in  the  two 
experiments  are  : 


Exjjeriment  I. 
1*034 


Experiment  II. 
0*984 


The  variation  from  equality  is  in  both  cases  within  the  errors  of 
experiment.  It  is  a  simple  matter  to  calculate  what  the  above  ratio 
should  be  if  the  coefficients  of  extinction  of  ele(  trolytic  gas  and  of  a 
mixture  of  equal  volumes  of  chlorine  and  oxygen  were  what  Bunsen 
and  lloscoe  found  them  to  be. 

The  formula  giving  the  intensity  of  the  incident  and  emergent 
beam  is 

5  u  2 


"(logio'^o 
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where  /q  and  /  are  the  intensities  of  the  respective  beams  and  a  is 
the  length  of  gas  which  must  be  traversed  by  the  light  in  order  that 
its  intensity  may  be  reduced  ten-fold,  and  x  is  the  length  actually 
traversed, 

Now  the  value  of  a  for  electrolytic  gas  is  given  by  Bunsen  and 
Hoscoe  as  262  mm.  and  that  for  a  mixture  of  equal  volumes  of  oxygen 
and  chlorine  as  346,  and  therefore  in  the  present  case, 

262(log,/o-logio/)  =  60 
and  346  (log^o^  -  logjo^')  =  60,^ 

where  /  is  the  intensity  of  the  beam  emerging  from  the  hydrogen  and 
chlorine,  and  /'  that  from  the  oxygen  and  chlorine.  Eliminating  /q, 
we  find 

262  X  346  (log/'  -  log/)  =  60  x  112  ; 

when,  making  /'  equal  to  unity,  /  becomes  0"879 ;  that  is,  a  dif- 
ference which  could  be  detected  with  certainty  by  means  of  the 
actinometer.  In  arriving  at  the  above  conclusion  concerning  the 
difference  in  the  value  of  the  extinction  coefficients  for  mixtures 
composed  of  equal  volumes  of  hydrogen  and  chlorine  and  of  oxygen 
and  chlorine,  Bunsen  and  Roscoe  assumed  that  the  amount  of  chemical 
change  for  a  given  mixture  of  hydrogen  and  chlorine  was  proportional 
to  the  light  absorbed,  and  that  the  relation  subsisting  between  the 
two  quantities  was  the  same  for  light  of  all  refrangibilities.  The 
second  half  of  the  above  assumption  is  probably  not  correct,  and, 
indeed,  if  this  is  admitted  it  is  unnecessary  to  suppose  that  either 
Bunsen  and  Koscoe's  results  or  our  own  are  affected  by  any  serious 
experimental  error,  since  the  discrepancy  in  the  conclusions  is  then 
easily  accounted  for. 

Our  experiments  tend  to  show  that  the  light  absorbed  by  mixtures 
of  chlorine  either  with  hydrogen  or  with  an  inert  gas  such  as  oxygen 
is  almost  the  same  as  it  would  be  if  the  same  beam  of  light  were  made 
to  traverse  the  same  column  of  chlorine  from  which  the  diluting  gas 
had  been  removed.  There  is  no  indication  that  the  light  which  brings 
about  the  chemical  change  is  distinct  from  that  absorbed  by  the 
chlorine  in  virtue  of  its  optical  properties.  The  energy  which  brings 
about  tlje  chemical  change  is  derived  from  the  light  absorbed  by  the 
moist  chlorine. 

From  the  above  measurements,  it  might  be  concluded  that  the 
extinction  coefficient  of  a  mixture  of  gases  is  an  additive  property, 
if  it  were  not  for  the  fact  that  Mellor  has  found  that  dry  chlorine  is 
considerably  more  transparent  to  those  rays  which  bring  about  the 
interaction  of  hydrogen  and  chlorine  than  the  moist  gas,  and 
Mellor's  statement  to  this  effect  is  supported  by  the  fact  that  dry 
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chlorine  refuses  to  give  any  indication  of  the  Budde  expansion. 
From  the  measurements  given  in  Mellor's  paper  we  have  calculated 
the  extinction  coefficient  of  his  dry  chlorine,  and  find  that  it  is 
not  greatly  different  from  the  value  given  by  Bunsen  and  Roscoe, 
who  used  chlorine  which  had  not  been  very  carefully  dried.  Further 
experimental  inquiry  on  this  important  point  is  necessary  before  any 
definite  conclusions  can  be  drawn. 

In  dealing  with  extinction  coefficients,  it  would  probably  not  be  out 
of  place  if  we  drew  attention  to  a  research  performed  with  great  care 
and  precision  by  M.  Wildermann  {Phil.  Trans.,  1902,  199,  337),  in 
which,  as  it  appears  to  us,  the  dependence  of  the  amount  of  chemical 
change  on  the  quantity  and  character  of  the  light  absorbed  has 
not  been  taken  sufficiently  into  consideration.  The  object  of  the 
author  was,  as  he  states,  to  ascertain,  if  possible,  the  laws  governing 
the  velocity  of  chemical  reaction  and  chemical  equilibrium  when 
the  change  is  caused  by  the  introduction  of  light  energy  into  the 
system.  Mixtures  of  carbon  monoxide  and  chlorine  in  different 
proportions  were  enclosed  in  a  vessel  of  about  3|  cm.  diameter,  which 
was  provided  with  a  manometer.  The  vessel  was  exposed  to  the  rays 
of  an  acetylene  lamp,  and  the  progress  of  the  reaction  noted  by 
watching  the  indication  of  the  manometer.  The  reaction  during 
the  normal  period  was  shown  to  follow  with  close  approximation 
the  well-known  law  of  mass,  expressed  by  the  equation 

dx  =  h{A  -  x){B  -  x)dt, 

where  x  is  the  amount  of  chemical  change,  A  and  B  the  initial 
quantities  of  chlorine  and  carbon  monoxide  respectively,  k  a  constant, 
and  t  the  time.  Wildermann  concludes  that  photochemical  reactions 
are  governed  by  the  same  law  of  mass  as  reactions  which  take  place  in 
the  dark.  Now  the  results  of  Di-aper  and  of  Bunsen  and  Roscoe  with 
hydrogen  and  chlorine  most  explicitly  contradict  this  result.  For  these 
authorities  have  proved  that  the  rate  of  combination  of  a  mixture  of 
chlorine  and  hydrogen  in  equivalent  proportions  is  very  considerably 
reduced  when  the  proportion  of  either  of  the  reacting  gases  is  increased 
to  a  small  extent.  Whether  the  same  peculiarity  characterises  the 
behaviour  of  a  mixture  of  equivalent  quantities  of  carbon  monoxide 
and  chlorine  we  cannot  say,  as  the  literature  contains  no  information 
upon  this  point.  But,  in  any  event,  Wildermann's  general  statement 
appears  to  be  contrary  to  the  results  of  direct  experiment.  Moreover, 
tbere  are  other  considerations  which  would  lead  us  to  doubt  the  validity 
of  drawing  this  conclusion  from  the  results  of  Wildermann's  experi- 
ments. We  will,  for  the  sake  of  simplicity,  suppose  that  the  light  is 
monochromatic.     In  such  circumstances  the  amount  of  action  in  unit 
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time  for  a  parallel  beam  of  unit  section  acting  on  a  mixture  of  constant 
composition  is  given  by  the  formula 

C=  kl^  (l-e--^. 

For  another  mixture  of  different  composition  stimulated  by  the  same 
beam  we  have 

c  =  k'l,  (i-e-'o, 

and  therefore 

C  _    hjl-e-'^^) 
"a  =  A;'(l-e-a'^)' 

where  C  and  C"  are  the  re.-pective  rates  of  chemical  change,  and  h  and 
a  are  constants  whose  magnitudes  depend  on  the  composition  of  the  first 
mixture,  and  Ti  and  a'  are  the  corresponding  constants  of  the  other 
mixture. 

It  will  be  at  once  perceived  that  the  right  hand  side  of  this  equation 
is  not,  in  general,  constant,  but  varies  with  the  value  of  x.  The  direct 
conclusion  is  that  the  ratio  between  the  rates  of  combination  in  two 
mixtures  of  different  but  definite  constitution  will  depend  on  the 
dimensions  of  the  vessel  used  in  the  determination.  It  would  appear, 
therefore,  that  if  Wildermann  had  employed  a  vessel  of  different 
dimensions,  results  pointing  to  a  different  conclusion  would  have  been 
obtained.  There  is  only  one  case  in  which  the  amount  of  light 
absorbed  can  be  left  out  of  consideration,  that  is,  when  the  vessel  is  so 
large  that  practically  all  the  actinic  rays  are  absorbed.  The  light  had, 
however,  to  pass  through  only  3-5  cm.  of  a  mixture  of  carbon  monoxide 
and  chlorine,  whereas,  according  to  Bunsen  and  Roscoe,  light  from  a 
gas  flame  is  reduced  in  intensity  in  the  ratio  of  about  three  to  two  in 
passing  through  3  "5  cm.  of  pure  chlorine  under  normal  conditions.  It 
seems,  therefore,  that  no  general  statement  can  be  enunciated  from 
such  experiments  as  to  the  precise  effect  of  the  composition  of  the 
mixture  on  the  velocity  of  change. 

Conclusions. 

(1)  No  evidence  can  be  obtained  of  a  period  of  photochemical  induc- 
tion with  a  moist  mixture  of  chlorine  and  hydrogen  in  the  absence  of 
impurities  which,  under  the  conditions  of  the  experiment,  are  capable  of 
being  destroyed. 

(2)  The  phenomenon  hitherto  known  as  photochemical  induction  is 
exhibited  by  a  mixture  of  chlorine  and  hydrogen  to  which  ammonia  or 
compounds  capable  of  yielding  ammonia  on  decomposition  have  been 
added. 

(3)  The  actual  compound  or   compounds  which  inhibit   the  inter- 
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action  of  chlorine  and  hydrogen  are  volatile.  They  are  probably 
derived  from  ammonia  by  the  displacement  of  one  or  more  equivalents 
of  hydrogen  by  chlorine. 

(4)  Impure  water  contains  compounds  which  are  very  slowly 
destroyed  by  chlorine  at  the  ordinary  temperature,  yielding  an  inhibi- 
tive  substance.  This  fact  affords  a  satisfactory  explanation  of  the 
phenomenon  which  has  recently  been  described  as  "  decay  of  activity." 

(5)  The  inhibitive  impurity  is  of  course  removed  from  the  system  by 
the  influence  of  light.  It  can,  however,  also  be  destroyed  by  rai-ing 
the  temperature  to  100°.  Although  stable  at  the  ordinary  temperature 
in  a  saturated  solution  of  chlorine,  it  is  appareotly  unstable  under  the 
same  conditions  in  a  solution  which  contains  very  little  chlorine. 

(6)  Sufficient  evidence  has  not,  as  yet,  been  adduced  to  justify  us  in 
concluding  that  condensation  nuclei  are  formed  by  the  action  of  light 
on  moist  chlorine. 

(7)  The  extinction  coefficient  of  a  mixture  of  hydrogen  and  chlorine 
in  equivalent  proportions  is  almost  the  same  as  that  of  equal  volumes  of 
oxygen  and  chlorine. 

It  would  appear  that  the  following  theoretical  conclusion  can 
be  legitimately  drawn  from  the  fact  that  an  induction  period  cannot 
be  obtained  with  moist  electrolytic  gas  which  is  free  from 
destructible  impurities.  The  various  phases  assumed  by  an  atom 
of  chlorine  as  it  is  transformed  from  a  constituent  part  of  a  molecule 
of  chlorine  to  that  of  a  molecule  of  hydrogen  chloride  are  of  a 
transient  and  unstable  character,  the  same  statement  being  true  about 
the  changes  in  an  atom  of  hydrogen.  Accordingly,  neither  the  chlorine 
nor  the  hydrogen  atoms  can  become  at  any  time  before  their  union  in 
hydrogen  chloride  parts  of  chemical  compounds  possessed  of  a 
measurable  degree  of  stability.  In  spite  of  the  fact  that  we  are 
limited  in  our  choice  of  theories  by  the  foregoing  conclusion,  the 
explanation  of  the  remarkable  inhibition  effect  of  minute  traces  of 
impurities  is  .still  a  difficulty.  It  would  appear  to  be  impossible  to 
formulate  a  consistent  hypothesis,  free  from  suppositions  which  at 
present  are  unsupported  by  experimental  results,  to  account  for  this 
phenomenon.  The  following  suggested  explanation  suffers  from  this 
defect  and  must  therefore  be  regarded  as  merely  provisional. 

The  light  which  falls  on  the  moist  mixture  of  chlorine  and  hydrogen 
is  absorbed  in  the  first  instance  by  the  coloured  component,  namely, 
the  chlorine,  and  after  it  has  been  absorbed  it  is  degraded  into  heat. 
During  the  process  of  degradation  the  energy  passes  through  various 
forms.  Now  it  is  conceivable  that  the  distribution  of  the  various 
kinds  of  vibration  of  which  the  degrading  energy  is  composed  will,  in 
certain  cases,  depend  largely  on  the  presence  in  the  system  of  even 
small    quantities   of   foreign    bodies.      A   difference   in   the    rate    of 


14)34  MELDOLA:    NOTES   ON   DERIVATIVES   OF 

cliemical  change  might  clearly  be  expected  as  the  result  of  a  marked 
difference  in  the  character  of  the  energy  through  which  the  light 
passes  as  it  is  transformed  into  heat.  Whether  the  quality  of  the 
energy  can  vary  to  the  degree  required  by  this  hypothesis  according  as 
certain  impurities  are  present  or  not,  and  whether  this  variation  can 
be  regarded  as  the  chief  determining  factor  of  the  change,  is  at  present 
purely  a  matter  of  conjecture  and  awaits  experimental  confirmation. 

The  Victoria  University  of  Manchester. 


CXXXIX. — Notes  on  Derivatives  of  a-^- Alkylated 
Naph  tliylamiiie. 

By  Raphael  Meldola,  F.R.S. 

The  difficulties  encountered  in  attempting  to  prepare  derivatives  of  the 
above  type  have  been  pointed  out  in  a  paper  by  the  writer  and  Joseph 
Henry  Lane  (Trans.,  1904,  85,  1604).  These  notes  are  the  outcome 
of  experiments  connected  with  researches  on  the  isomerism  of  the 
aminoamidines  of  the  naphthalene  series,  and  are  now  placed  on 
record  as  containing  descriptions  of  certain  new  compounds  of  the 
required  type  which  may  form  useful  starting-points  in  the  subsequent 
extension  of  the  investigations. 

Ethyl-a-naphthylamine,  being  used  in  the  colour  industry,  cxn  be 
obtained  as  a  technical  product  in  tlie  form  of  its  very  insoluble  hydro- 
chloride. A  supply  of  this  salt  was  placed  at  my  disposal  by  the  firm 
of  Leopold  Cassella  &  Co.,  and  was  converted  into  the  acetyl  deriv- 
ative by  heating  with  sodium  acetate  and  acetic  anhydride.  The  acetyl 
derivative  crystallises  from  dilute  alcohol  in  flat,  silvery  needles  melt- 
ing at  68°. 

0'0871  gave  4*9  c.c.  moist  nitrogen  at  14-5°  and  770-5  mm.   N  =  6-63. 
Cj^HjgON  requires  N  =  6'57  per  cent. 

It  has  not  been  found  possible  to  obtain  a  mouonitro-derivative  of 
ethyl-a-acetnaphthalide.  The  compound  is  nitrated  with  difficulty  and 
could  only  be  attacked  by  a  mixture  of  strong  sulphuric  with  fuming 
nitric  acid.  The  product  is  a  cimiiro-derivative  crystallising  from 
alcohol  in  small,  ochreous  needles  melting  at  221 — 222°. 

0-0913  gave  11-2  c.c.  moist  nitrogen  at  23-2°  and  768  mm.  N'  =  13-94. 
Cj^HjgO^Ng  requires  1^  =  13-86  per  cent. 

Nothing  definite  could   be  obtained  from  this    dinitro-a-ethylacet- 
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naplithalide  by  oxidation  or  reduction,  and  the  constitution  has  there- 
fore not  been  determined  directly.  Strikingly  characteristic  of  the 
compound  is  the  intense  violet  colouring  matter  which  is  produced 
from  it  by  the  action  of  reducing  agents,  such  as  tin  and  hydrochloric 
acid,  in  alcoholic  solution.  This  colouring  matter,  which  is  produced 
only  at  a  transitory  stage  in  the  reduction,  has  not  yet  been  investigated. 
That  one  of  the  nitro-groups  is  in  the  para-position  (4-homonucleal)  is 
proved  by  the  following  synthesis  : 

1  : 4-Chloronitronaphthalene,  obtained  by  nitrating  a-chlornaphth- 
alene,  on  beating  with  an  alcoholic  solution  of  ethylamine  in  a 
sealed  tube  to  150°  for  four  hours  gives  4-nitro-l-ethylnaphthylamine 
{Ch.  Fab.  Grieshewi-EMtron,  D.E.-P.  117006  ;  Chem.  Centr.,  1901, 
i,  237).  This  compound  crystallises  from  glacial  acetic  acid  in  orange 
scales  melting  at  179 — 180°  (176 — 177°  in  patent),  and  on  boiling  with 
acetic  anhydride  for  three  to  four  hours  is  converted  into  4-nitro- 
1-ethylacetnaphthalide,  which  crystallises  from  dilute  alcohol  in  small, 
white  needles  melting  at  112 — 113°.  The  latter,  on  nitration  by 
dissolving  in  cold  fuming  nitx'ic  acid,  gives  the  same  dinitro-compound 
(m.  p.  221 — 222°)  as  that  produced  by  the  direct  nitration  of  ethyl- 
a-acetnaphthalide. 

2  -A-Dinitro-M^ayethylnaphthylamine. — This  compound  is  easily  pre- 
pared by  the  action  of  ethylamine  in  alcoholic  solution  on  dinitro- 
a-naphthol  ethyl  ether.  The  latter  was  obtained  by  the  action  of  ethyl 
iodide  on  the  silver  salt  of  dinitr&a-naphthol,  about  30  per  cent,  of  the 
dinitro-compound  undergoing  etherification  by  this  process.  An 
attempt  to  improve  the  yield  by  directly  nitrating  a-naphthol  ethyl- 
ether  under  different  conditions  led  to  negative  results,  as  a  mixture  of 
isomerides  is  formed  instead  of  the  2  : 4-dinitro-compound  required. 
On  mixing  alcoholic  solutions  of  2  :  4-dinitro-a-naphthol  ethyl  ether 
and  ethylamine,  interaction  takes  place  at  the  ordinary  temperature, 
and  a  crystalline  deposit  of  dinitro-a-ethylnaphthylamine  soon  separates. 
This  compound  crystallises  in  dense  brown  prisms  with  a  brilliant  lustre, 
melting  at  169—170°. 

OlSOOgave    20  c.c.  moist  nitrogen  at  12-8°and  7687  mm.  N  =  15-93. 
0-1331    „    18-35  „       „  „         „     12°     ,,744-5,,      N=  16-01. 

OjoHj^O^Ng  requires  N  =  16-l  per  cent. 

The  substance  is  practically  insoluble  in  cold  alcohol  and  but  very 
sparingly  soluble  in  boiling  alcohol.  It  can  be  crystallised  from  boiling 
glacial  acetic  acid  or  from  acetic  anhydride.  The  solutions  when 
allowed  to  cool  rapidly  deposit  the  compound  in  the  form  of  slender, 
orange  needles.  All  attempts  to  prepare  an  acetyl  derivative  failed. 
The  substance  can  be  boiled  with  acetic  anhydride  and  dry  sodium 
acetate  for  days  without  undergoing  acetylation.     Heating  with  acetic 
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anhydride  in  a  sealed  tube  to  170°  also  failed  to  yield  an  acetyl 
derivative  ;  at  higher  temperatures,  decomposition  takes  place.  A  cold 
acetic  acid  solution  of  the  compound  yields  the  nitrosoamine, 

CioH5(NO,)2K.NO-C2H„ 
on  treatment  with  sodium  nitrite.     This  compound   crystallises  from 
alcohol  in  transparent,  yellow  prisms  melting  at  93^94°. 

0-1 257  gave  21 -Sec.  moist  nitrogen  at  20- 7°  and  7557  mm.  N  =  19'18. 
Oj2^io^5-'^4  I'equires  N  =  1934  per  cent. 

As  the  acetyl  derivative  of  dinitro-a-ethylnaphthylamine  could  not 
be  prepared,  the  corresponding  aminoethylamidine  could  not  be 
obtained.  An  attempt  to  reduce  the  dinitro-compound  to  ethyltri- 
aminonaphthalene  and  acetylate  the  product  failed  owing  to  the 
extremely  oxidisible  character  of  the  triamino-compound. 

A-Bromo  -  2  -  nitro- 1  (a)  -  henzrjlnaphtlujlamine.  — Bromonitro-a-naphthyl 
ethyl  ether  (Meldola  and  Lane,  Trans.,  1904,  85,  1605)  interacts 
readily  with  benzylamine  in  alcoholic  solution,  slowly  at  the  ordinai'y 
temperature,  more  rapidly  if  warmed  for  a  short  time  on  the  water- 
bath.  The  ethoxy-group  is  exchanged  for  the  benzylamino-group  with 
the  formation  of  the  above  compound,  which  crystallises  from  alcohol 
in  slender,  red  needles  melting  at  126 — 127°.  The  acetyl  derivative 
was  prepared  by  heating  the  substance  with  acetic  anhydride  in  a 
sealed  tube  to  170°  for  three  hours  The  crude  product  was  purified 
by  crystallisation  from  alcohol  with  animal  charcoal  and  the  pure 
bromonitrobenzyl-a-acetnaphthalide  thus  obtained  in  white  prisms 
melting  at  128°. 

0-0873  gave  5-15  c.c.  moist  nitrogen  at  12-5°  and  766  mm.     N  =  7'05. 
C^gHjgOgN'g^r  requires  N  =  7*02  per  cent. 

The  bromonitrobenzylnaphthylamine  readily  forms  a  itrosoamine 
when  acted  on  by  sodium  nitrite  in  cold  glacial  acetic  acid  solution. 
This  compound  crystallises  from  alcohol  in  flat,  straw-coloured  needles 
melting  at  98°. 

0-0798  gave  7-8  c.c.  moist  nitrogen  at  9°  and  761-6  mm.     ]Sr  =  10-74. 
Cj^H^2^3^3-B^"  requii'es  N  =  10*88  per  cent. 

The  acetyl  derivative  on  reduction  by  tin  and  hydrochloric  acid  gave 
an  anhydro-base  which  did  not  appear  to  be  very  definite.  It  is 
probably  a  mixture  of  the  bromo-anhydro-base  with  the  benzylamidine, 
the  reducing  agent  effecting  partial  debromination.  As  this  benzyl- 
amidine offered  no  advantage  over  the  alkylamidines  described  in  former 
papers  as  a  means  of  characterising  the  isomeride-^,  the  investigation  of 
the  compound  was  not  further  pursued. 

The  chief  point  of  interest  brought  out  in  these  notes  is  the  extreme 
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mobility  under  certain  conditions  of  the  alkyloxy-group  in  naphthalene 
derivatives  of  the  types  : 

OAlk  OAlk 

^N0„  . 


The  nature  of  the  amine  is  a  determining  factor  in  this  interaction, 
the  displacement  occurring  most  readily  with  alkylamines  of  the  type 
R'CHg'NHg,  such  as  ethylamine  and  benzylamine.  Purely  aromatic 
or  hydroaromatie  amines  such  as  aniline,  a-naphthylamine,  and  piperi- 
dine  do  not  react  with  the  bromonitronaphthyl  ether  under  ordinary 
conditions.  In  marked  contrast  with  the  readiness  with  which  haloid- 
nitro-  or  dinitro  alkylated  a-naphthylamine  can  be  formed  by  the 
method  described  in  these  notes  is  the  apparent  impossibility  of  directly 
introducing  one  alkyl  group  into  the  haloid-nitro-  or-diniti^o-a-naphthyl' 
amine  or  the  corresponding  acetnaphthalides.  Many  experiments 
having  this  object  in  view  were  carried  out  with  various  alkylating 
agents  under  different  conditions  and  invariably  with  negative  results. 


CXL.  — Electrolytic  Oxidation. 

By  Herbert  Drake  Law,  B.Sc. 

In  carrying  out  experiments  on  the  electrolytic  oxidation  of  organic 
compounds  it  is  advantageous  to  employ  a  solvent  which  mixes  with 
water  in  all  proportions  and  at  the  same  time  does  not  interfere  to 
any  considerable  extent  with  the  conductivity  of  the  solution.  It  must 
not  of  course  be  readily  oxidisable.  Three  classes  of  compounds 
suggest  themselves,  of  which  acetone,  acetic  acid,  and  pyridine  may  be 
taken  as  types.  Of  these,  acetone  is  by  far  the  most  useful,  as  it  can 
be  readily  removed  by  distillation.  Pyridine  has  the  characteristics 
of  an  unsaturated  or  aromatic  compound,  and  as  a  consequence  readily 
forms  tarry  products  which,  however,  are  soluble  in  water  and  may  be 
easily  removed.  It  also  forms  complex  soluble  tars  with  other  aro- 
matic compounds,  which  often  causes  a  serious  loss  of  material.  In 
these  three  solvents  the  electrolytic  oxidation  of  compounds  repre- 
sented by  the  general  formula 

X-CO-CH(OH)-Y 
was  conducted.     Many  such  compounds  are  known,  of  which  benzoin 
is  the  most  important.     By  changing  the  groups  denoted  by  X  and  Y 
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it  was  hoped  to  gain  a  clear  idea  of  the  reactions  taking  place  at  the 
anode.  Two  reactions  are  possible  and  may  be  represented  by  the 
following  equations  : 

X-CO-CH(OH)- Y  +  0  =  X-CO-CO-Y  +  U^O  ; 
X-CO-CH(OH)-Y  +  0  =  X-CO-OH  +  Y-CHO. 

Two  of  these  products  may  be  oxidised  still  further  according  to  the 
equations 

X-CO-CO-Y  +  0  +  H^O  =  X-CO-OH  +  Y-COgH  ; 
Y-CHO  +  O^Y-COoH. 

Thus,  in  the  case  of  benzoin  the  three  products  obtained,  namely, 
benzil,  benzoic  acid,  and  benzaldehyde,  are  all  accounted  for  in  the 
above  equations.  When  the  groups  represented  by  X  and  Y  contain 
an  unsaturated  carbon  atom,  however,  a  further  reaction  takes  place 
which  cannot  be  indicated  in  the  form  of  an  equation.  Complex 
resinous  substances  are  formed,  the  constitution  of  which  is  quite 
unknown.  These  are  extremely  interesting,  and  to  gain  some  know- 
ledge of  their  mode  of  formation  the  oxidation  of  the  unsaturated 
aliphatic  compounds  was  studied.  On  comparing  the  structure  of  the 
three  aldehydes,  namely,  benzaldehyde,  furfurol,  and  acrolein,  a  striking 
similarity  of  grouping  will  be  seen  : 


ch:ch-;Ch  cH<CHi!lS 

ch:ch-;c-cho  o— c-cho 


CH, 
CH-CHO 


It  will  be  noticed  that  each  compound  contains  the  group 

— ch:c-cho, 

and  as  a  consequence  each  might  be  expected  to  have  some  common 
characteristic.  Each  of  these  substances  yields  complex  products  at 
the  anode,  this  being  very  marked  in  the  cases  of  furfurol  and  acrolein. 
That  this  is  due  to  the  unsaturated  carbon  atoms  is  borne  out  by  the 
fact  that  neither  the  saturated  aliphatic  aldehydes  nor  such  saturated 
ring  compounds  as  camphor  possess  the  same  property.  It  is  interest- 
ing to  note  that  similar  complexes  are  formed  also  under  the  influence 
of  a  silent  discharge  or  where  a  high  frequency  discharge  is  used. 
This  again  occurs  only  when  unsaturated  compounds  are  employed  or 
are  formed  during  the  reaction.  It  is  very  probable  therefore  that  a 
similar  phenomenon  is  taking  place  at  or  near  the  anode,  which  may  be 
the  result  of  a  variable  electrical  strain  set  up  between  the  moving 
molecules  and  the  anode. 

The  presence  of  these  tars  makes  the  final  separation  very  tedious 
and  the  conditions  necessary  for  their  formation  were  studied  with  a 
view  to  their  final  elimination.  The  potential  of  the  anode  discharge 
has  a  very  mai-ked  effect  on  their  formation,  the  amount  produced 
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being  greatest  when  the  E.M.F.  reaches  the  highest  value.  This  is 
seen  very  clearly  in  the  cases  where  the  acids  sulphuric,  hydrochloric, 
and  hydrobromic  are  used  as  electrolytes.  The  potential  of  discharge 
of  the  anions  is  as  follows  : 

S0/=  -0-7  volt,  Cl'=  -0-31,  Br'=:  +0-06. 

In  sulphuric  acid  solutions,  tarry  matter  is  always  formed,  but  is  often 
absent  in  the  case  of  hydrochloric  acid,  and  in  no  case  is  it  formed 
where  hydrobromic  acid  is  employed.  Very  strong  solutions  of 
sulphuric  acid  also  favour  the  formation  of  these  complex  substances, 
but  this  is  probably  a  pui'ely  chemical  reaction  and  independent  of  the 
current. 

The  stability  of  compounds  containing  the  unsaturated  carbon  atom 
is  very  remarkable.  Very  little  reaction  takes  place  at  all  when  the 
oxidation  is  conducted  at  a  low  potential,  the  double  link  apparently 
having  a  retarding  influence  on  the  velocity  of  the  oxidation.  This 
protective  influence  becomes  less  as  the  chain  is  lengthened,  the 
saturated  part  of  the  molecule  predominating.  This  retarding  action 
is  even  greater  where  a  ring  compound  is  introduced.  As  the  potential 
of  the  anode  is  increased,  the  stability  becomes  le-s,  and  considerable 
quantities  of  carbon  monoxide  are  evolved. 

This  throws  a  great  deal  of  light  on  the  purely  chemical  methods  of 
oxidation.  The  double  link  is  always  considered  the  weakest  part  of 
the  molecule,  and  its  position  is  determined  by  means  of  svich  oxidising 
agents  as  potassium  permanganate.  The  latter  is  very  vigorous  in  its 
action  and  has,  probably,  a  high  oxidation  potential  which  accounts  for 
the  decomposition  at  this  point. 

Having  investigated  the  mechanism  of  these  reactions,  the  method 
was  applied  to  determine  the  molecular  structure  of  benzf  uroin.  Two 
formulae  are  possible,  represented  by  (i)  and  (ii)  : 

(i)  C6H5-CO-CH(OH)-C^H30;       (ii)  CeH5-CH(OH)-CO-C,H30. 

The  half  of  the  molecule  containing  the  furfurol  group  most  readily 
decomposes  with  formation  of  tarry  products,  but  the  remaining  part 
will  form  benzaldehyde  or  benzoic  acid  according  to  which  of  the  above 
formulae  is  assumed  to  be  correct. 

C6H5-CO-  +  0  +  H,0  =  CeH5-C02H+      .... 
CeH5-UHUH-  +  U  =  C^U5-ClIO+     .... 

In  the  actual  experiment,  benzaldehyde  was  completely  absent,  which 
points  to  formula  (ii)  as  being  correct. 

From  the  compounds  anisoin  and  piperonyloin,  nothing  but  tarry 
matter  could  be  isolated.  This  might  have  been  due  to  the  difficulty 
of  separating  the  reaction  product,  but  otherwise  this  fact  shows  that 
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the  potential  of  the  complex  formation  is  either  lower  or  very  near  that 
of  the  simple  oxidation. 

In  a  paper  by  James  (/.  Amer.  Chem.  Soc,  1899,  21,  889)  it  was 
observed  that  benzoin  on  oxidation  in  alcoholic  solutions  gives  a  small 
quantity  of  benzoic  acid,  but  the  chief  product  was  of  a  tarry  nature. 
If,  however,  hydrochloric  acid  was  used  as  an  electrolyte  a  good  yield 
of  benzil  was  obtained  and  the  tar  formation  was  small.  This  confirms 
the  work  of  the  present  paper,  that  these  complex  bodies  are  formed 
preferably  at  high  potentials. 

Benzoin. 

The  anode  compartment  consisted  of  a  porous  pot  of  about  400  c.c. 
capacity,  round  which  was  wound  a  stout  platinum  wire  to  serve  as 
cathode.  The  porous  pot  was  placed  in  a  stout  glass  jar  containing 
10  per  cent,  sulphuric  acid  to  act  as  electrolyte  in  the  cathode  compart- 
ment. This  in  turn  was  placed  in  another  glass  jar  containing  cold 
water  to  keep  the  whole  apparatus  cool  during  each  experiment.  The 
porous  pot  was  fitted  with  a  cork  bored  at  the  centre,  through  which  a 
platinum  stiiTor  could  be  freely  rotated.  This  stirrer,  whose  superficial 
area  was  37*5  sq.  cm.,  was  used  also  as  the  anode.  In  each  of  the 
following  experiments  15  grams  of  benzoin  were  dissolved  in  the  solvent 
used.  In  the  first  five  experiments  acetone  was  employed  and  the 
benzoin  dissolved  in  300  c.c.  of  this  substance.  Dilute  sulphuric  acid 
was  then  added  gradually  to  this  mixture,  shaking  the  whole  time, 
until  the  total  volume  measured  375  c.c.  In  this  way  most  of  the 
benzoin  remained  in  solution.  The  mixture  was  then  poured  into  the 
porous  pot  and  the  current  started.  The  oxidised  product  was 
invariably  dark  in  colour,  due  to  the  formation  of  some  tarry  matter. 
The  acetone  was  then  removed  by  distillation  from  a  water-bath  and 
the  non- volatile  residue  separated.  This  consisted  of  a  mixture  of 
unchanged  benzoin,  benzaldehyde,  benzil,  benzoic  acid,  and  tarry  sub- 
stances. The  whole  was  distilled  in  steam  for  several  hours.  Benz- 
aldehyde rapidly  passed  over,  followed  by  the  benzil,  benzoic  acid, 
and  a  little  benzoin.  The  distillate  was  made  alkaline  with  sodium 
carbonate  and  filtered,  the  benzil  and  benzoin  remaining  on  the  filter 
paper.  To  remove  the  benzaldehyde,  the  filtrate  was  extracted  with 
ether  and  the  ethereal  layer  dried  and  evaporated  on  a  water-bath. 
The  remaining  solution  was  acidified  with  sulphuric  acid  and  the 
benzoic  acid  also  extracted  with  ether.  The  mixture  of  benzoin  and 
benzil  was  shaken  with  a  little  alcohol  to  dissolve  the  benzil,  and 
filtered.  In  this  way  these  two  substances  were  separated  almost 
completely.  The  mixture  of  benzoin  and  tarry  matter  in  the  distilling 
flask  was  rendered  alkaline  with  sodium  hydroxide  and  filtered.     The 
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filtrate  contained  the  tar,  and  the  benzoin  remained  on  the  filter 
paper.  The  tarry  matter  was  again  precipitated  with  dilute  sulphuric 
acid  and  filtered.  In  this  way  most  of  these  substances  could  be 
removed  from  solution,  and  any  small  quantity  still  remaining  in 
solution  was  extracted  with  ether.  In  expei'iment  (6),  300  c.c.  of 
acetic  acid  were  employed  instead  of  acetone.  Here  the  oxidised 
product  was  distilled  in  steam  after  partial  neutralisation  of  the 
acetic  acid.  In  this  case  the  ethereal  solution  of  benzoic  acid  contained 
also  acetic  acid,  which  was  removed  by  careful  distillation.  In  experi- 
ment (7),  the  solvent  consisted  of  250  grams  of  pyridine,  to  which  was 
added  160  c.c.  of  dilute  sulphuric  acid.  After  the  oxidation,  the  pro- 
duct was  acidified  with  sulphuric  acid  and  steam  distilled  as  before. 
Any  pyridine  in  the  distillate  was  removed  from  the  ethereal  solution 
of  benzaldehyde  with  a  little  sulphuric  acid.  The  small  quantities  of 
benzil  obtained  in  these  experiments  were  mixed  together  and  crystal- 
lised once  from  alcohol.  The  product  melted  sharply  at  91°,  whilst 
pure  benzil  melts  at  90°.  The  benzoic  acid  melted  at  121°  after  being 
twice  recrystallised  from  alcohol,  and  was  undoubtedly  pure.  Part  of 
the  benzaldehyde  was  allowed  to  oxidise  in  the  air  to  the  corresponding 
.acid,  which  melted  at  121°.  Another  portion  was  treated  with  phenyl- 
hydrazine  and  gave  a  product  melting  at  154°  after  being  four  times 
recrystallised  from  alcohol. 
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In  Table  I  the  results  of  seven  experiments  under  varying  con- 
ditions are  given.  The  last  column  shows  the  total  amount  of  oxygen 
absorbed  by  the  benzoin  to  form  the  substances  tabulated,  the  tar 
being  calculated  as  benzaldehyde.  This  absorption  does  not  vary 
much  where  the  same  solvent  is  used,  although  the  products  of 
decomposition  do  not  show  the  same  constant  value.  The  figures  of 
experiment  (1)  indicate  the  greatest  amount  of  reaction,  and  for  this 
reason  the  conditions  used  here  were  adhered  to  as  near  as  possible  in 
the  concluding  work.     Apparently  the  tarry  colouring  matter  is  most 
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readily  obtained  when  a  large  amount  of  sulphuric  acid  is  present,  as 
is  the  case  in  experiment  (3).  On  the  other  hand,  a  low  current  density 
acts  very  unfavourably  to  the  formation  of  this  substance,  as  is  seen  in 
number  (5).  The  amount  of  benzaldehyde  and  benzoic  acid  present  is 
greatest  where  the  current  density  and  the  concentration  of  the 
sulphuric  acid  are  kept  low,  the  former  being  the  most  variable.  In 
experiments  (6)  and  (7),  different  solvents  were  used.  In  both  cases 
the  total  reaction  was  much  less  than  in  the  former  ones. 

In  experiment  (6),  where  acetic  acid  was  used  as  solvent,  the 
percentage  amount  of  benzoin  converted  into  benzaldehyde,  benzoic 
acid,  and  tar  is  almost  the  same  as  in  (1),  under  the  same  conditions, 
but  with  a  different  solvent. 

The  method  of  obtaining  the  gaseous  products  is  described  later. 
These  experiments  gave  results  agreeing  with  those  conducted  with 
benzaldehyde,  and  for  that  reason  are  not  given  in  detail.  Very  small 
amounts  of  carbon  monoxide  were  formed  and  even  smaller  quantities 
of  carbon  dioxide.  Benzoin  is  not  so  soluble  as  benzaldehyde  in 
acetone,  however,  and  these  results  are  therefore  not  so  accurate  as  the 
former,  as  it  is  necessary  to  employ  very  concentrated  solutions. 

In  the  next  series  of  experiments  the  three  products,  benzaldehyde, 
benzoic  acid,  and  benzil,  were  in  turn  oxidised  and  the  results 
tabulated  in  the  following  tables. 

Benzil. 

In  these  experiments  the  method  of  manipulation  was  exactly  the 
same  as  in  the  previous  ones.  In  each  case  10  grams  of  benzil  were 
oxidised  and  the  results  are  tabulated  in  Table  II.  As  before,  the 
greatest  amount  of  action  was  obtained  in  acetone  solutions,  whilst  in 
the  case  of  acetic  acid  this  was  reduced  to  half,  and  to  an  even  smaller 
amount  where  pyridine  was  employed.  In  each  case  benzoic  acid 
was  produced,  accompanied  by  small  quantities  of  tar,  the  quantity  of 
the  latter  being  very  small  in  pyridine  solutions. 

Table  II. — Benzil. 
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1  Acetone       66          6-6        1-0        6-0        45        7-6  1-3  1-9  140 

2  Acetic  acid     66          6-6        I'O         6-0         6-0        3-5  I'O  4-6  7-1 

3  Pyridine       66          6-6        TO        6-0        9-0        0-4  0-0  8-7  07 

Table  III. — Benzoic  Acid. 

1      Acetone      50          5-0        I'D        6-0        3-5          —  Tl  8-9  — 
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(July  one  experiment  was  conducted  with  benzoic  acid,  as  the  action 
)roceeded  very  slowly,  and  the  only  product  formed  was  a  small  amount 
jf  tarry  matter. 

Table  IV . — Benzcddchyde. 
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Tile  method  of  manipulation  was  the  same  as  in  the  previous  cases, 
jenzoic  acid  and  tar  being  the  products.  In  each  case  10  grams  of 
jenzaldehyde  were  oxidised  and  the  results  are  tabulated  in  Table  IV. 
the  tarry  matter  was  calculated  as  benzoic  acid  and  the  total  oxygen 
s  given  in  the  last  column.  As  in  the  previous  cases,  the  largest 
imount  of  reaction  took  place  in  acetone  solutions,  due  probably  to  the 
imall  internal  friction  of  the  solute.  Thus  the  diffusion  of  the 
benzaldehyde  into  the  oxidising  layer  round  the  anode  will  be  much 
^'reater  than  in  the  other  experiments.  Experiment  (3)  shows  that 
the  activity  of  the  oxidising  material  is  greater  in  pyridine  solution 
than  in  those  experiments  where  acetic  acid  was  used.  This,  however, 
is  contrary  to  the  previous  experiments. 

In  the  next  series  (Table  V),  the  gaseous  products  obtained  on 
oxidising  benzaldehyde  electrolytically  are  given.  These  were 
iletermined  in  Hofmann's  apparatus  for  the  electrolysis  of  water 
described  in  a  previous  paper  (Trans.,  1905,  87,  198).  In  each  case 
two  experiments  were  conducted.  In  the  first  a  mixture  of  sulphuric 
acid  and  solvent  was  electrolysed,  and  then  a  fresh  solution  contain- 
ing a  small  quantity  of  benzaldehyde.  The  gases  at  the  anode 
consisted  of  a  mixture  of  carbon  dioxide,  oxygen,  and  carbon  monoxide, 
which  were  analysed  in  Hempel's  bulbs,  the  differences  in  each  set 
being  due  to  the  decomposition  of  benzaldehyde.  To  determine  the 
strength  of  the  current,  a  gas  coulombmeter  was  coupled  in  series  with 
the  above  apparatus.  The  results  were  calculated  for  500  c.c.  of 
oxygen  liberated,  and  tabulated  for  comparison.  In  each  case  the 
oxidising  surface  of  the  anode  was  12  5  sq.  dcm.  Those  results  could 
never  be  quantitative  where  the  solvent  was  readily  attacked  by  the 
oxygen  liberated  at  the  anode,  as  is  the  case  with  acetone  and  pyridine, 
ior  then  it  is  very  probable  that  the  introduction  of  benzaldehyde 
interferes  with  the  oxidation  to  a  considerable  extent.  Thus,  as  tlio 
solvent  diffuses  into  the  active  zone  round  the  anode  it  is  decomposed 
I      VOL.    LXXXJX.  5   C 


l^^-t  LAW:   ELECTROLYTIC    OXIDATION. 

by  the  oxygen  available  at  that  point,  but  when  benzaldehyde  is 
present  only  a  part  is  used  in  this  way,  the  rest  being  aljsorbed  by  the 
solute.  In  this  way  the  amount  of  some  of  the  gaseous  products  may 
be  less  in  the  presence  of  benzaldehyde  than  when  the  pure  solvent  is 
used.  This  is  seen  in  the  case  of  pyridine  in  experiments  (3)  and 
(3a),  where  actually  less  carbon  dioxide  is  obtained  when  the  aldehyde 
is  present. 

Table  Y. — Benzaldehyde.     Gaseous  Froducls. 
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1  Acetone  =  50  %,  1 
sulpliuricacid  =  5  %      0-0-18    6'0    760    17"  500    189-4    4-1  134-5   6-2    I  „  ., 

1ft  Benzaldehyde  =  3 -3  %,  r  '^ 

conditions  as  in  1         0-044    60    760    17    500    159-4    5-1  10-2-313'7J 

Difference  between  1  and  1"    1-0  32-2    7*5 

2  Acetic  acid  =  36  %.  ^ 
sulphuric  acid  =  9^-5  %  0  040    4-0    778    16^500    4570  10-3  421-7    5-1    [,   , 

2a  Benzaldehyde  =r  3 -5  %,  j  ^  ^ 

conditions  Rs  in  2          0-050    4-0    770    16    500    450-0  11-1  418-4    7*1  j 

Difference  between  2  and  2a    0-8  3-3   2-0 


6-5 


3     Pyridine  =  28  %,  \ 

sulphuric  acid  =  2-8  %  0-050  16-0    757    16-500    218-6  22-3  170^6    6-0    [^.r^ 

3rt  Benzaldehyde -2 -5  %,  '  j 

conditions  as  in  3  0-050  16-0    760    17    500    187-5  21-9  149-1    9-0  j 

Difference  between  3  and  3'<    -0"4  31-5    3^0 
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In  experiment  (1),  ten  grams  of  cuminoin  were  dissolved  in  200  c.c.  of 
acetone,  and  the  whole  made  up  with  dilute  sulphuric  acid  to  300  c.c. 
Afcei-  the  oxidation,  the  aldehyde  was  separated  by  steam  distillation, 
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the  acid  and  unchanged  product  passing  over  only  very  slowly.  The 
latter  were  separated  by  means  of  sodium  carbonate,  as  was  also  the 
tar  from  the  unchanged  substance  in  the  distilling-flask. 

In  experiment  (2),  the  amount  of  pyridine  was  200  c.c,  made  up 
to  300  c.c.  with  dilute  sulphuric  acid.  After  the  oxidation,  the 
pyridine  was  neutralised  with  hydrochloric  acid,  and  the  whole 
filtered  after  standing  overnight.  The  filtrate  was  extracted  with 
ether  and  added  to  the  portions  already  obtained. 

The  aldehyde  and  acid  were  driven  off  in  a  current  of  steam  and 
weighed.  As  might  hav^e  been  predicted,  the  oxidation  proceeds  much 
in  the  same  way  as  benzoin,  with  this  difference,  however,  that 
cuminoin  appears  to  be  rather  more  stable  than  in  the  former  case. 

Furoin. — Ten  grams  of  this  substance  were  dissolved  in  150  c.c.  of 
pyridine  ;  150  c.c.  of  10  per  cent,  svdphuric  acid  were  then  added  to  the 
solution  and  the  mixture  electrolysed.  The  product  was  distilled  in  a 
current  of  steam  for  several  hours.  Pyridine  quickly  passed  over, 
followed  by  bright  yellow  needles  of  furil.  Sulphuric  acid  was  added 
to  the  distillate  until  it  no  longer  had  an  odour  of  pyridine,  and 
the  whole  was  extracted  with  chloroform.  The  exti-act  was  dried  over 
calcium  chloride,  and  the  chloroform  evaporated.  The  residue, 
after  being  cry-stallised  once  from  alcohol,  melted  sharply  at  162",  and 
was  undoubtedly  furil.  The  residue  from  the  steam  distillation  was 
acidified,  diluted  with  water,  and  filtered.  The  filtrate  was  extracted 
with  chloroform,  and  this  portion  added  to  the  residue  on  the  filter 
paper.  The  tar  was  removed  with  a  solution  of  sodium  carbonate 
from  the  unchanged  furoin,  and  each  substance  weighed.  In  this 
experiment  no  furfurol  was  detected,  and  only  a  trace  of  furan 
carboxylic  acid  was  present.  The  following  table  gives  the  details  of 
this  experiment  : 

Table  VIL 

Amount  ol'  Ciurent  E.M.F.  Uucliaugcd 

sulphuiic           in        Ampere        in  Fiu-il  in  Tar  in   I'luoin  in  Oxygen 

acid.  amperes,    hours.  volts.  grams,  grams,     grams.  absorbed. 

5  percent.            ]               6  4-5— 5-0          3            1-5            3  2ri  percent. 

In  order  to  calculate  the  total  amount  of  oxygen  reacting  with  the 
furoin,  the  tar  was  reckoned  as  furil.  This  quantity  agrees  very 
closely  with  that  obtained  in  the  case  of  furfurol  in  acetic  :icid 
solution.  Experiments  were  also  tried  with  acetone  and  acetic 
acid  solutions,  but  in  each  case  the  amount  of  tar  was  much  larger, 
and  for  this  reason  this  method  was  abandoned. 
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Table  VIII. — Benzfuruin. 
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In  this  exj^eriinent,  lU  grams  of  beuzfuroiu  were  dissolved  in 
150  c.c.  of  acetone,  svifficieut  water  and  hydrochloric  acid  were  added 
to  make  the  whole  up  to  300  c.c,  and  the  mixture  subjected  to  the 
action  of  the  current  as  in  the  previous  cases.  The  acetone  was 
evaporated  on  a  water-bath,  and  the  dark  mixture  distilled  in  a 
current  of  steam  for  several  hours.  In  this  way  a  white,  crystalline 
solid  was  obtained  in  the  receiver.  The  distillate  was  made  strongly 
alkaline  with  sodium  hydroxide  and  filtered,  the  filtrate  acidified 
with  hydrochloric  acid  and  extracted  several  times  with  ether.  The 
ethereal  extract,  on  evaporation,  yielded  benzoic  acid,  melting  at  120"^, 
quite  free  from  any  furan  derivatives.  The  part  insoluble  in  alkali 
was  unchanged  benzfuroin,  and  the  substance  left  in  the  distilling-flask 
was  tar.  Similar  experiments  were  conducted  in  acetone  solutions, 
using  sodium  hydroxide,  sodium  sulphate,  and  sulphuric  acid  as 
electrolytes,  but  in  these  cases  the  result  was  the  production  of 
nothing  but  tarry  matter.  This  was  also  the  case  when  acetic  acid 
was  used  as  solvent  with  sulphuric  acid  as  electrolyte. 

In  pyridine  solutions  with  either  lead  or  platinum  anodes,  most  of 
the  substance  was  obtained  unchanged,  but  there  was  invariably  a 
small  loss  in  weight  not  to  be  accounted  for.  The  absence  of  benz- 
aldehyde  and  benzfuril  points  to  the  following  as  being  the 
correct  formula  for  benzfuroin,  C(.II.'CO*CH(OH)'C4H30,  and  not 
C,.H5-CH(OH)'CO-C4H30,  for  it  has  been  shown  that  the  group 
CJH--CH(OH)-CO-  is  readily  oxidised  to  CgH^-CHO  and  C^H-'CO-CO-, 
whilst  the  grou^J  C4H30'CH(OH)-  forms  tarry  products  with  extreme 
ease.  In  all  cases  where  acetone  was  used  as  a  solvent,  except  when 
hydrochloric  acid  was  the  electrolyte,  very  considerable  quantities 
of  tarry  matter  were  formed.  These  were  somewhat  less  when 
acetic  acid  was  used  as  a  solvent.  In  pyridine  solutions  the  loss 
in  weight  is  due  to  the  formation  of  a  tarry  substance  readily  soluble 
in  water,  as  will  be  shown  in  a  later  part  of  the  paper.  In  these 
experiments  the  potential  of  the  oxidation  is  evidently  too  high,  and  it 
is  only  when  the  E.M.F.  of  the  discharged  anion  is  lowered,  as  in  the 
ease  of  hydrochloric  acid,  that  any  substances  are  formed  capable  of 
being  identified. 
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I'ipcrunyluin  and  Anisoin. 

In  acetone  solutions  with  either  sulphuric  or  hydrochloric  acid  as 
electrolyte,  both  piperonyloin  and  nnisoin  were  converted  almost 
completely  into  dark  tarry  products.  Those  obtained  from  sulphuric 
acid  solutions  were  completely  soluble  in  sodium  hydroxide,  and  could 
thus  be  readily  separated  from  the  unchanged  product.  On  acidifying, 
these  were  partly  reprecipitated  in  the  form  of  brown,  amorphous 
powders  and  partly  remained  in  solution.  Thus  the  total  product  was 
always  less  than  the  amount  of  substance  at  the  beginning  of  the 
experiment.  The  tarry  matter  obtained  in  the  case  of  hydrochloric 
acid  was  almost  insoluble  in  sodium  hydroxide,  and  could  not, 
therefore,  be  separated  from  the  unchanged  product.  With  hydro- 
bromic  acid  as  electrolyte,  practically  no  reaction  took  place,  whilst 
when  pyridine  was  used  the  whole  of  the  product  remained  in  solution. 
In  this  case  the  solution  obtained  when  the  oxidation  was  complete 
was  almost  black.  This  was  treated  with  sodium  carbonate,  and  the 
whole  evaporated  on  a  water-bath  to  dryness.  The  residue  obtained 
in  this  way  consihted  of  sodium  sulphate,  unchanged  sodium  carbonate, 
and  a  dark  semi-solid  tarry  substance.  This  was  shaken  up  with  a 
small  quantity  of  water,  filtered  from  the  sodium  salts,  and  again 
evaporated  to  dryness.  In  this  way,  8 — 9  grams  of  tar  were  obtained, 
a  quantity  in  excess  of  that  taken  for  the  experiment,  the  excess  being 
supplied  by  the  pyridine  itself. 
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Ethyl  Benzohi  and  Benzoin  Acetate. 

In  all  the  preceding  experiments,  the  group  -CO'CH(OH)-  has 
remained  constant,  and  the  groups  attached  to  the  free  links  only 
have  been  altered.  These  exei-cise  a  very  important  influence  on  the 
products  of  decomposition,  and  it  became  of  interest,  therefore,  to 
determine  the  action  of  a  substituent  in  other  parts  of  the  molecule. 
Ethyl  benzoin  and  benzoin  acetate  are  both  readily  procurable,  and 
were  chosen  for  the  experiments.  In  (1)  and  (2),  ten  grams  of 
substance  were  dissolved  in  200  c.c.  of  acetone,  and  made  up  to  300  c.c. 
with  dilute  sulphuric  acid.  A.fter  the  current  had  passed  for  six 
hours  through  the  mixture,  the  acetone  was  removed  on  a  water-bath 
and  the  residue  distilled  in  a  current  of  steam.  In  this  way  the 
benzaldehyde  passing  over  was  obtained  in  the  first  fractions  and  kept 
separate.  This  was  followed  by  benzoic  acid  and  a  little  unchanged 
ethyl  benzoin  or  benzoin  acetate.  These  were  separated  exactly  as 
has  been  describe<l  in  previous  experiments.  It  was  thought  that 
some  product  containing  the  groups  — CH-O'CgHj  or  — OH'O'CO'CHg 
might  be  formed,  but  none  was  discovered,  the  ethyl  and  acetyl 
radicles  apparently  being  eliminated  either  by  hydrolysis  or  by 
oxidation  during  the  formation  of  benzaldehyde.  In  experiment  (3), 
ten  grams  of  benzoin  acetate  were  dissolved  in  200  c.c.  of  acetic  acid,  and 
made  up  to  300  c.c.  with  dilute  sulphuric  acid.  After  the  oxidation, 
the  acetic  acid  and  benzaldehyde  were  quickly  removed  by  steam 
distillation  and  separated  as  in  previous  cases.  The  residue  in  the 
flask  was  made  alkaline  with  sodium  hydroxide  and  filtered  when  cold. 
In  this  way  the  tar  and  benzoic  acid  were  removed  together.  These 
were  precipitated  from  the  alkaline  solution  with  hydrochloric  acid 
and  extracted  with  ether,  and  the  benzoic  acid  finally  obtained  by 
sublimation.     It  will  be  seen  from  these  expei'iments  that  the  course 
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of  the  oxidation  is  interfered  with  in  no  marked  manner  by  the 
introduction  of  the  ethyl  and  acetyl  railicles  into  the  hydroxyl  group. 
The  most  noticeable  feature  is  the  small  amount  of  tar  formed  in 
experiment  1 , 

Unsaturated   Aliphatic   Compounds. 

ETperivient  I .  Allyl  Alcohol. — These  experiments  were  conducted 
in  the  same  apparatus  as  in  the  case  of  benzoin.  Thirty  grams  of 
allyl  alcohol  were  made  up  to  400  c.c.  with  10  per  cent,  sulphuric 
acid  and  a  current  of  1  ampere  passed  through  the  solution  for  twenty- 
four  hours.  After  a  short  time  an  insoluble  rubber-like  substance  was 
formed,  which  at  the  end  of  the  experiment  amounted  to  2  grams.  The 
mixture  was  extracted  several  times  with  ether  and  fractionated. 
Sevei'al  grams  were  obtained  at  45 — 65°,  consisting  of  acrolein,  and  a 
similar  quantity  at  65 — 110°,  which  was  chiefly  allyl  alcohol.  A  small 
amount  was  obtained  above  this  temperature  and  the  residue  charred. 
The  viscid,  rxibber-like  substance  was  insoluble  in  water,  sodium  hydr- 
oxide, alcohol,  or  ether.  The  fraction  above  110°  was  an  acid  which 
decolorised  bromine  and  probably  consisted  of  acrjdic  acid. 

Experiment  II. — The  same  experiment  was  made  with  acrolein  with 
the  same  result. 

Exjieriment  III.  Crotoii aldehyde. — Tliirty  grams  of  this  substance 
made  up  to  300  c.c.  were  treated  as  in  Experiment  I.  On  the  anode 
there  were  obtained  2  grams  of  a  viscid  substance  resembling  in  all 
respects  that  obtained  in  Experiment  I.  The  ethereal  extract  on 
fractionation  gave  a  small  quantity  of  unchanged  substance  distilling 
below  150°,  and  the  remainder  passed  over  below  200°,  consisting 
chiefly  of  crotonic  acid.  l?oth  these  fractions  were  small.  In  these 
experiments  the  E.M.F.  was  ."VS  volts  on  commencing,  but  this  rose 
during  the  experiment.  The  anode  was  the  one  used  in  previous  cases 
and  measured  37'5  sq.  cm. 

Unsaturated  Compounds. 

Gaseous  Products. — These  experiments  were  carried  out  as  the 
previous  ones  and  the  results  calculated  and  tabulated  for  comparison 
in  Table  XIII.  It  will  be  seen  from  experiments  (2)  and  (4)  that  allyl 
alcohol  is  by  no  means  readily  oxidisable,  but  is  acted  on  to  about  the 
same  extent  as  benzoin  in  acetone  solutions  under  similar  conditions. 
As  the  potential  increases,  however,  the  stability  of  this  unsaturated 
compound  decreases  very  considerably,  as  is  seen  in  experiments  (3) 
and  (5),  the  actual  amount  of  oxygen  taking  part  in  these  reactions 
being  three  times  as  great.  The  amount  of  carbon  dioxide  liberated 
remains  nearly  constant  all  through,  but  the  carbon  monoxide  formed 
increases   considerably   with    the    potential.      It    has   been   shown   by 
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several  authors  that  the  alcohol  group  decomposes  iii  contact  with 
electrolytic  oxygen  to  form  small  quantities  of  carbon  dioxide  and 
carbon  monoxide  (Elbs  and  Brunner,  Zeit.  Elektrochem.,  1900,  6,  604), 
and  the  same  applies  to  the  aldehyde  group  {loc.  cit.).  These  quantities 
vary  very  slightly  with  the  potential.  The  small  amount  of  carbon 
dioxide  liberated  in  these  experiments  is  due  then  to  the  normal 
decomposition  of  the  alcohol  and  aldehyde  groups,  but  the  large 
increase  in  the  amount  of  carbon  monoxide  is  formed  by  the  rupture  of 
the  double  bond.  In  experiments  (4)  and  (5)  this  increase  is  from  2-7 
per  cent,  to  13*3  per  cent,  of  the  total  oxidation.  This  explains 
the  instability  of  the  double  linking  to  ordinary  chemical  oxidising 
agents.  The  potential  of  the  oxygen  liberated  from  such  substances 
as  potassium  permanganate  and  nitric  acid  is  very  high,  and  con- 
sequently the  chain  of  carbon  atoms  is  attacked  at  the  double  bond. 
The  same  result  is  observed  in  the  case  of  crotonaldehyde,  as  experi- 
ments (6)  and  (7)  show,  but  not  to  such  a  considerable  extent.  The 
lengthening  of  the  chain  may,  however,  increase  the  stability  of  this 
substance  just  as  in  the  case  of  saturated  compounds  (loc.  cit.). 
Experiments  (1)  and  (8)  show  the  effect  of  a  change  in  concentration 
of  acrolein.  The  amounts  of  carbon  dioxide  and  carbon  monoxide  are 
onl}^  slightly  affected,  but  the  total  oxygen  reacting  is  changed  very 
considerably.  A  comparison  of  these  experiments  with  corresponding 
ones  conducted  with  saturated  compounds  gives  ver}-  remarkable  results. 
Elbs  and  Brunner  (loc.  cit.)  have  shown  that  in  the  case  of  propyl 
alcohol  the  amount  of  oxygen  reacting  with  this  substance  varie.s  from 

Table  XIII. — Unsaturated  Compounds. 
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70  tu  lUO  per  ceut.  of  Uie  total  amount  libenited,  whilst  in  tho  case  of 
allyl  alcohol  only  20  per  cent,  is  used  in  the  oxidation  at  low  potential. 
Again,  in  the  case  of  acrolein,  this  amount  varied  from  35  to  50  per 
cent.,  whilst  propaldehyde  reacts  with  95  per  cent,  of  the  total  oxygen 
(Law,  Trans.,  1905,  87,  202).  Apparently  the  double  bond  increases 
the  stability  of  the  rest  of  the  molecule.  In  these  experiments  it  was 
noticed  that  both  the  anode  and  the  glass  became  coated  with  a  white, 
viscous  substance. 

Furfurol. 

This  substance  is  undoubtedly  an  unsaturated  aldehyde.  For 
example,  it  combines  readily  with  bromine,  and  on  oxidation  the  ring 
is  opened.  It  behaves  in  most  respects,  however,  as  an  aromatic 
aldehyde,  and  for  this  reason  these  experiments  were  undertaken. 
From  its  general  behaviour  it  ought  to  fall  intermediate  between  the 
aromatic  and  the  unsaturated  aliphatic  aldehydes.  Thus  the  total 
oxygen  reacting  with  this  substance  in  acetic  acid  solution  is  in  round 
numl)ets  20  per  cent.,  with  benzaldehyde  2  per  cent.,  and  with  acrolein 
and  crotonaldehyde  from  30  to  50  per  cent.  No  carbon  dioxide  and 
only  small  quantities  of  carbon  monoxide  are  liberated  in  this  case,  and 
tlius  furfurol  behaves  like  benzaldehyde.  On  the  other  hand,  however, 
the  carbon  monoxide  is  doubled  on  increasing  the  potential  of  the  de- 
composition, as  in  the  cases  of  acrolein  and  crotonaldehyde.  In  these 
experiinents,  the  solvent  plays  very  little  part  in  the  reaction,  absorbing 
only  from  5  to  15  per  cent,  of  the  total  oxygen  liberated,  and  the 
numbers  given  in  Table  XIV  may  therefore  l)e  regarded  as  quantita- 
tive. The  following  table  gives  the  amount  of  oxygen  reacting  with 
four  classes  of  aldehydes. 

Iknzaldelij'dc  Furfurol 

in  acetic                     in  acetic  Unsaturated                     .'Saturated 

ai'id  solution.  acid  solution.  aliphatic  aldcliydcs.  aliphatic  ahlehyde.=;. 

2  per  cent.                 20  per  cent.  30— .^0  per  cent.                9.")  per  cent. 

Benzaldehyde  behaves  then  as  an  unsaturated  compound,  lieing 
largely  influenced,  however,  by  tho  stable  ring  formation  of  the 
benzene  nucleus.  The  influence  of  the  ring  formation  is  not  so 
apparent  in  the  case  of  furfurol,  and  tho  effect  of  the  unsaturated 
linking  predominates.  The  unsaturated  aldehydes  are  rem.ark.-xbly 
stable  compounds,  and  the  saturated  ones  are  almost  completely 
decomposed. 
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Menthol  and  Camphor. 

Both  these  substances  are  derivatives  of  six  carbon  atom  ring 
compounds.  They  differ  from  benzene,  however,  in  that  they  contain 
no  double  linking  between  two  carbon  atoms.  They  should  therefore 
form  no  tarry  matter  on  oxidation,  and  for  this  reason  the  following 
experiments  were  undertaken. 

Exj^eriment  I. — Camphor  (10  grams)  was  dissolved  in  acetone 
(20  c.c.)  in  a  beaker,  and  water  and  sulphuric  acid  added  until  the  total 
volume  was  75  c.c,  containing  5  per  cent,  of  acid.  In  this  was  placed 
a  small  porous  pot  containing  20  per  cent,  sulphuric  acid  and  a  coil  of 
platinum  wire  to  serve  as  the  cathode.  The  anode  was  a  coil  of  stout 
platinum  wire  15  cm.  long  and  1  mm.  diameter.  A  current  of  one 
ampere  was  passed  through  the  solution  for  twelve  hours,  at  the  end  of 
which  time  the  solution  in  the  anode  compartment  had  become 
slightly  yellow,  but  was  apparently  free  from  resinous  matter.  The 
acid  was  partly  neutralised  with  sodium  hydroxide  and  the  acetone 
removed  on  a  water-bath.  On  cooling,  the  residue  was  extracted  with 
ether,  dried,  and  fractionated.  The  total  quantity  of  product  obtained 
weighed  9  grams,  the  remainder  being  lost  pi'obably  during  the  experi- 
ment. Most  of  the  substance  distilled  lietween  200'^  and  210"^,  and 
partly  solidified.  This  was  for  the  most  part  unchanged  camphor.  A 
smaller  fraction  was  obtained  below  240°,  and  there  remained  in  the 
flask  a  small  oily  residue  which  had  darkened  somewhat  during  the 
distillation.     No  tarry  matter  was  formed. 

Experiment  II. — -Precisely  the  same  experiment  was  conducted  with 
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10  grams  of  menthol.  xVfter  twelve  hours  the  solution  was  still  quite 
colourless,  and  the  experiment  was  allowed  to  continue  overnight. 
After  thirty-six  hours  the  mixture  had  darkened  somewhat,  and  the 
experiment  was  stopped.  The  product  was  treated  as  before  and  dis- 
tilled. The  bulk  of  the  product  which  did  not  solidify  was  obtained  at 
200 — 240°,  and  there  remained  behind  a  small  quantity  of  a  dark  oily 
residue.  The  darkening  in  this  case  was  entirely  duo  to  the  accumula- 
tion of  sulphuric  acid  in  the  anode  compartment,  as  was  proved  in 
the  following  experiment.  A  small  quantity  of  menthol  was  dissolved 
in  a  small  quantity  of  acetone  and  a  few  c.c.  of  60  per  cent, 
sulphuric  acid  added.  This  on  standing  became  brown  in  a  few 
hours.  It  was  noticed  also  in  the  case  of  benzoin  that  the  presence  of 
large  amounts  of  sulphuric  acid  favoured  the  formation  of  tarry  matter. 
In  both  these  experiments  the  E.M.F.  was  four  volts  at  the  beginning, 
but  towards  the  end  ro.se  con.siderably  owing  to  the  dilution  of  the 
acid  in  the  cathode  compartment. 
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A   Correction. 

By  Julius  Berexd  Cohex  and  Henry  Drysdale  Dakin. 

Ix  a  paper  on  the  chlorination  of  the  trichlorotoluenes  (Trans.,  1904, 
85,  1274),  it  was  stated  that,  whereas  3  :  4  : 5-trichlorotoluene  was 
converted  on  chlorination  into  a  tetrachlorotoluene  (m.  p.  97 — 98°), 
which  gave  a  nitro-derivative  melting  at  159%  2:3:4:  5-tetrachloro- 
toluene  (prepared  from  2:4:  5-trichloronitrotoluene  by  reduction  and 
diazotisation)  melted  at  86 — 88°,  and  gave  a  nitro-derivative  having 
the  same  melting  point.  The  conclusion  was  drawn  that,  in  the  former 
case,  seeing  that  only  a  2:3:4: 5-teti'achloro-compound  could  be 
formed  by  the  chlorine  entering  the  nucleus  of  3  :  4  :  5-trichlorotoluene, 
the  product  which  melts  at  97 — 98°  must  be  substituted  in  the  side- 
chain.  It  is  now  found  that  this  view  is  based  on  an  incorrect 
observation. 

The  entrance  of  chlorine  into  the  side-chain  on  chlorination  in 
presence  of  a  carrier  seemed  so  unusual  a  phenomenon  that  it 
was  thought  desirable  to  examine  similar  3:4:  5-trihalogen  derivatives 
containing  bromine  in  place  of  chlorine  in  order  to  sec  if  they  behaved 
similarly.  With  this  object,  3  :  4-dichloro-5-bromotoluene  was  prepared 
and  was  converted  into  a  trichlorobromotoluene  in  two  ways  ;  on  the 
one  hand,  by  successive  nitration,  reduction,  and  diazotisation,  and  on 
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the  other  by  direct  chloriuatioii.  lu  the  first  case,  the  product  melted 
tit  98 — 100^  aud  gave  a  nitro-derivative  meltiug  at  171 — 173";  iu  the 
second,  the  tricldorobromotoluene  melted  at  92 — 94°  and  the  nitro- 
derivative  at  175 — 176°.  The  two  substances  are  pi'obably  isomeric, 
and  represented  by  the  formvila? 

Me  Me 

/\C1  Cl/\ 

Cl\/Br  Cl\/Br 

01  CI 

The  result  of  the  experiment  was  to  throw  grave  doubt  on  the  exist- 
ence of  a  2  :  3  :  4  :  5-tetrachloi'otoluene  (m.  p.  86 — 88°)  which  yielded 
a  nitro-derivative  having  an  identical  melting  point. 

We  consequently  prepared  2:3:4: 5-tetrachlorotoluene  fi'om 
3:4: 5-trichlorotoluene  by  nitration,  reduction,  and  diazotisation. 
The  product  melted  at  97—98°  and  the  nitro-compound  at  159°,  that 
is,  at  the  same  temperature  as  the  substance  produced  by  chlorinating 
3:4;  5-trichloi^otoluojie.  Finally,  the  tetrachloro-compound  was  pre- 
pared from  the  2:4:  5-trichloro-compound  by  the  method  originally 
adopted.  The  nitration  is  easily  effected,  but  the  reduction  of  the 
nitro-corapound  is  very  slow,  and  a  large  excess  both  of  tin  and  strong 
hydrochloric  acid  as  well  as  prolonged  heating  is  required.  The  di- 
azotisation also  needs  special  precautious  and  must  be  carried  out  in 
]3resence  of  strong  hydrochloric  acid  with  an  excess  of  sodium  nitrite. 
Under  these  conditions  the  base  passes  into  solution  and  the  addition 
of  cuprous  chloride  precipitates  the  tetrachloro-compound,  which  can  be 
filtered  and  purified  by  crystallisation.  This  product  also  melted  at 
97 — 98°  and  gave  a  niti-o-derivative  melting  at  159°.  Some  mistake 
had  therefore  been  made  in  the  former  preparation.  On  examining 
the  original  specimen  of  2  :  3  :  4  : 5-teti'achlorotoluene  (m.  p.  86 — 88°)  it 
was  found  to  contain  nitrogen.  There  could  be  no  doubt  thei'efore 
that  it  was  in  reality  a  mixture  of  tetrachlorotoluene  (m.  p.  97 — 98°) 
and  trichloronitrotoluene  (m.  p.  81°)  which  had  probably  escaped 
reduction.  On  nitration  with  fuming  nitric  acid  it  appears  to  have 
undergone  little  change,  so  that  the  supposed  citro-compound  (m.  p. 
86 — 88")  was  practically  the  unchanged  mixture.  This  also  explains 
the  fact  that  the  analysis  of  the  nitro-compound  should  have  agreed 
approximately  with  the  theoi-y  for  the  tetrachloronitro-compound 
(CI  =  51-6),  when  it  is  considered  tliat  the  admixture  of  tetrachloro- 
toluene (CI  =  61-7)  would  raise  the  percentage  of  chlorine  in  the  impure 
trichloronitro-compound  (CI  =  44-2).  So  far  the  results  afford  a  very 
simple  interpretation.  Finally,  the  action  of  chlorine  on  2:4:  5-tri- 
chlorotoluene, which   was  stated  to   give  2:3:4  :  5-tetrachlorotolueue 
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and  which  was  iden titled  by  conversion  into  a  nitroderivative  (ni.  p. 
85 — 86"),  has  been  re-examined. 

We  pointed  out  in  the  former  paper  the  great  dilfficulty  experienced 
in  conducting  this  operation,  both  in  regulating  the  process  and  in 
separating  the  products.  On  chlorinating  different  quantities  of 
material  Ave  have  been  unable  to  isolate  any  product  except  the 
original  substance,  which  has  a  remarkable  crystallising  power,  and  we 
have  little  doubt  now  that  the  product  which  we  took  to  be  the 
2:3:4:  5-tetrachloronitrotoluene  (m.  p.  86 — 88'^)  was  in  reality  the 
impure  nitro-derivative  of  the  original  substance,  m.  p.  91 — 92°,  We 
have  consequently  arrived  at  the  following  conclusions  : 

(1)  2:3:4:  5-Tetrachlorotoluene  melts  at  97 — 98°  and  gives  a  nitro- 
derivative,  m.  p.  159'^;  (2)  there  is  no  other  tetrachloro-compound 
derived  from  2:4:  5-trichlorotoluene  by  nitration,  reduction,  and 
diazotisation  ;  (3)  although  by  analogy  it  is  very  probable  that 
2:4:  5-trichlorotoluene  is  converted  into  2:3:4:  5-tetrachlorotoluene 
on  chlorination,  we  have  so  far  obtained  no  direct  evidence  of  its 
formation. 

Our  thanks  are  due  to  IMr.  11.  S.  llorsfall  for  his  help  in  carrying  out 
some  of  the  experiments. 

TuE  Ukivei;,sity, 
Leeds. 


CXLTI. — A  MetJiod  Jor  the  Formation  of  Siicciiuc  Acid 
and  of  its  Alkyl  Derivatives. 

By  Annie  Higson  and  Jocei.yn  Field  Tiioiu'e. 

In  a  communication  dealing  with  the  formation  of  derivatives  of 
ethyl  cyanoglutaconate  by  the  interaction  of  ethyl  cyanoacetale  and 
ethyl  acetoacetate  (Trans.,  1905,  87,  1685)  it  was  suggested  that  in  all 
probability  this  reaction  was  brought  about  l)y  the  interaction  of  the 
mobile  hydrogen  atom  of  the  sodium  derivative  with  the  hydroxyl 
group  of  the  ketonic  ethyl  salt  in  its  enolic  form,  and  that  in  the  case 
of,  for  example,  ethyl-a-cyanoglutaconate,  the  reaction  could  be  repie- 
scntcd  by  the  equation 

Me 

co.j<:fC(CN)Nan  +  (j(on):cH-co,Kt    -^ 

CO^Kt-C(CN)Na-CMe:CH'C02Et  +  W.p. 

Since  this  reaction  was  subsequently  applied  to  the  formation  of 
derivatives  of  ethyl  aconitato  by  employing  ethyl  oxalacetate  instead 


1456      HIGSOX  AND  THORPE  :   A   METHOD  FOR  THE  FORMATION  OF 

of  elliyl  acetoacetate  in  the  above  synthesis  (Traus.,  19U6,  89,  631),  it 
seemed  to  us  likely  to  be  capable  of  general  application,  and  in  order 
to  decide  this  point  we  have  investigated  the  interaction  of  the  sodium 
compound  of  ethyl  cyauoacetate  with  various  classes  of  compounds 
containing  the  hydroxy!  group,  and  in  the  present  communication  deal 
with  the  combination  of  this  sodium  derivative  with  a  number  of 
topical  cyanohydrins. 

The  condensation  between  ethyl  sodiocyanoacetate  and  either  a 
ketone-  or  an  aldehyde-cyanohydrin  proceeds  in  nearly  all  the  cases 
investigated  very  smoothly  at  the  ordinary  temperature  ;  in  some 
instances,  especially  in  those  of  the  aldehydecyanohydrins,  the  reaction 
is  so  violent  that  care  has  to  be  taken  to  cool  the  reacting  products 
under  water.  The  reaction  may  be  represented  by  the  following 
general  equation  : 

COoEt-C(CN)NaH-t-nO'C(CN)-R     -^ 
11 

C02EfC(CN)Na-C(CN)-ll  +  HgO 

'k 

(R  =alkyl  or  hydrogen). 

The  condensations  Avere  always  effected  in  alcoholic  solution  and  the 
product  isolated  by  pouring  the  mixture  into  water,  but  since  the 
sodium  derivatives  foi'med  according  to  the  above  equation  are  not 
readily  dissociated  by  water  it  is  necessary  in  every  case  to  render  the 
solution  acid  before  the  dicyano-ethyl  salt  can  be  isolated.  These 
ethyl  salts,  which  are  liquids  in  the  case  of  the  lower  members  such  as, 
for  example,  ethyl-aj8-dicyanopropionate,  CN*CH2*CH(CN)*C0^Et,  and 
solids  in  the  case  of  members  higher  in  the  series,  such  as  ethyl-aj8- 
dicyano-;8-hexylpropionate,  CN-CH(C^Hi3)-CH(CX)-C02Et,  and  ethyl- 
a)8-dicyano-^-phenylpropionate,  CiSr-CH(Ph)-0H(CN)-C02Et,  can  be 
readily  extracted  and  purified  either  by  distillation  under  diminished 
pressure  or  by  recrystallisation  from  some  suitable  solvent.  The  alkyl 
derivatives  of  succinic  acid  can  then  be  prepared  from  these  ethyl  salts 
by  hydrolysis  with  hydrochloric  acid  according  to  the  equation 

C02EfCH(CN)-CR2(CN)         — >        C02H-CH2-CR2-C02H 

(R"  =  alkyl  or  hydrogen). 

The  yields  of  the  condensation  products  are,  in  the  case  of  the 
aldehydecyanohydrins,  very  satisfactory^  and  are  given  in  a  list  on 
page  1459.  As  regards  the  ketonecyanohydrins,  special  precautions 
have  to  be  taken  in  order  to  avoid  the  decomposition  of  the  cyano- 
hydrin  into  the  ketone  and  hydrocyanic  acid  during  the  process  of  the 
condensation.  This  is  most  noticeable  in  the  case  of  acetonecyano- 
liydrin,  which,  as  has  been   observed  by  A.  J.  Ultee  {JJer.,  1906,  39, 
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1857),  i«  readily  decomposed  into  acetone  and  hydrocyanic  acid  in  the 
presence  of  traces  of  alkali.  However,  by  employing  the  conditions 
described  in  the  experimental  portion,  a  yield  in  these  cases  equally  as 
good  as  that  produced  in  the  case  of  the  aldehydecyanohydrin.s  can  be 
obtained. 

In  the  case  of  formaldehydecyanohydrin,  although  the  reaction 
partially  pursues  a  normal  course  when  the  condensation  is  effected  at 
low  temperatures,  yet  when  conducted  in  hot  solution,  and  also  to  a 
certain  extent  at  the  ordinary  temperature,  ethyl-aa'-dicyanoglutarate, 
CX-CH(C02Et)-CH.-CH(CN)-C0.Et,  is  formed.  The  production  of 
this  substance,  which  is  obtained  in  large  quantities  under  conditions 
described  in  the  experimental  portion,  is  evidently  due  to  the  decomposi- 
tion of  the  cyanohydrin  into  formaldehyde  and  hydrocyanic  acid  and 
the  subsequent  condensation  of  the  former  with  the  sodium  compound 
of  ethyl  cyanoacetate  in  accordance  with  the  scheme  : 

CHNa(CN)'C02Et  CNa(CN)-C02Et 

CH2O  — >     CH.,  +H.2O. 

CHNa{CN)-C02Et  CNa(CN)-C02Et 

The  formation  of  this  substance  is  of  interest,  because  in  an  attempt  to 
prepare  it  by  the  interaction  of  ethyl  cyanoacetate  and  aqueous  form- 
aldehyde in  the  presence  of  diethylamine  Auwers  and  Thorpe  {Aniialen, 
1895,  285,  322)  obtained  only  complex  polymeric  compounds  of  high 
molecular  weight.  Ethyl  dicyanoglutarate,  formed  in  accordance  with 
the  method  given  in  the  experimental  portion,  boils  quite  constantly  at 
195^  (20  mm.)  and  is  therefore  evidently  not  a  polymeride  ;  further- 
more, it  exhibits  no  tendency  to  polymerise  under  any  observed 
conditions  and  gives  glutaric  acid  on  hydrolysis. 

If,  however,  special  precautions  are  taken  to  prevent  the  presence  of 
excess  of  alkali  during  the  conden.sation,  no  trace  of  the  glutaric 
derivative  is  formed  and  the  product  consists  entirely  of  ethyl-a/5-di- 
cyanopropionate,  CN*CH./CH(CN)'CO.,Et,  from  which  succinic  acid  can 
be  derived  on  hydrolysis. 

As  already  mentioned,  the  first  product  of  the  condensation  between 
ethyl  sodiocyanoacetate  and  a  cyanohydrin  is  a  sodium  derivative  of 
the  general  formula  CN-CNa(COoEt)-C'(CN)R-R,  which  is  stable  in  the 
presence  of  cold  water.  Therefore  the  small  quantity  of  water  formed 
in  the  condensation  has  no  effect  on  it,  and  it  can  be  treated  directly 
with  an  alkyl  iodide  and  give  rise  to  higher  alkylated  derivatives  of 
succinic  acid,  thus  : 

CN-CNa(CO._jEt)-C(CN)R.,  +  EI  — >  CN-CR(C02Et)-C(CN)R,  +  Nal 

— >    C02H-CIIR-OR2-CO.,ir. 

lu  order  to  show  that  this  niethud  is  ol'  general    application   wc  iiavc 
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applied  it  to  two  typical  examples,  with  results  which  are  embodied  in 
the  table  on  page  1459. 

The  method  is  not  only  of  value  in  showing  the  reactive  nature  of 
the  remaining  hydrogen  atom  of  ethyl  sodiocyanoacetate,  which  has 
been  emphasised  in  a  number  of  preceding  communications,  but  is  also 
to  be  recommended  as  a  general  method  for  the  preparation  of  alkyl 
derivatives  of  succinic  acid.  The  results  obtained  are  embodied  in  the 
table  on  page  1459. 

Experimental. 

Condensation  of  Formaldehydecyanohydrin  with  the  Sodium  Compotciid 
of  Ethyl  C yanoacetate. 

As  mentioned  in  the  introduction,  this  condensation  may  be  made  to 
pursue  either  one  of  two  courses  according  to  the  experimental 
conditions  employed.  Either  the  cyanohydrin  reacts  in  the  alkaline 
solution  as  formaldehyde  and  condenses  with  ethyl  sodiocyanoacetate, 
forming  ethyl-aa'-dicyanoglutarate, 

CN-CH(COoEt)-CH.,-CH(CN)-CO.,Et, 
from  which  glutaric  acid  can  be  derived  on  hydrolysis,  or  the  cyano- 
hydrin combines  directly  with  the  sodium  compound,  forming  ethyl 
a/5-dicyauopropionate,  CN*CH2'CIH(CN)'C02Et,  from  which  succinic 
acid  can  be  produced  by  hydrolysing  agents.  The  first  reaction  takes 
place  when  the  heat  generated  on  mixing  the  condensing  substances  is 
unchecked  by  cooling,  the  second  when  the  condensation  is  effected  at 
temperatures  below  0°. 

In  the  preliminary  experiments,  however,  it  was  always  found  that 
even  at  the  lower  temperature  a  certain  amount  of  the  glutaric 
deriv.ative  was  always  formed,  but  it  was  ultimately  observed  that  Ijy 
employing  the  following  exjierimental  conditions  a  pure  product  could 
in  each  case  be  obtained. 

Formation  of  EtJiyl-auL-dicyanoylutarate, 

ON'CH(C02Et)-CH^-CH'(CN)-CO;Et, 

and  Glutaric  Acid,  CO.H-CHg-CHg-CHg-COgH. 

Sodium  (17"4  grams)  was  dissolve  I  in  absolute  alcohol  (210  grams) 
and  ethyl  cyanoacetate  (56"6  grams)  added  to  the  solution. 

Formaldehydecyanohydrin  (15  grams)  was  then  added  gradually,  the 
contents  of  the  flask  being  kept  well  stirred  throughout  the  addition. 
ThQ  white  sodium  derivative  of  ethyl  cyanoacetate,  which  was  precipi- 
tated on  the  addition  of  the  ethyl  salt  to  the  alcoholic  solution  of  sodium 
ethylate,  instantly  dissolved  on  the  addition  of  the  cyanohydrin  and  con- 
siderable heat  was  at  the  same  time  generated.  When  all  the  form- 
aldehydecyanohydrin had    been  added,  the  contents  of   the  flask  con- 
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sisted  of  a  dear,  slightly  brown,  viscid  liquid,  which,  in  order  to  com- 
plete the  reaction,  was  allowed  to  stand  at  the  ordinary  temperature 
for  twelve  hours. 

The  condensation  product  was  isolated  by  pouring  the  clear  solution 
into  a  large  excess  of  water  and  adding  hydrochloric  acid  to  the  clear 
solution  of  the  sodium  derivative  thus  obtained.  The  heavy  oil  which 
separated  was  extracted  with  ether  and  the  ethereal  solution  washed 
first  with  water  and  then  with  a  dilute  solution  of  sodium  carbonate, 
dried  with  calcium  chloride,  and  the  ether  evaporated.  The  viscid  oil 
which  remained  was  then  fractionally  distilled  under  diminished 
pressure,  when  pure  ethyl-aa'-dicyanoglutarate  was  obtained  as  a  clear, 
strongly  refractive  liquid  boiling  at  195°  (20  mm.)  in  yields  of  about 
75 — 80  per  cent. 

0-1552  gave  0-3]  71  COj  and  0-0851  HgO.     0  =  55-72  ;  H  =  6-08. 
Cj^Hj^O^Nj  requires  0  =  55*4  ;  H  =  5-9  per  cent. 

Hydrolysis. — The  hydrolysis  of  the  ethyl  salt  was  effected  by  mixing 
it  with  four  times  its  volume  of  concentrated  hydrochloric  acid,  and 
heating  in  a  Geissler  flask  until  all  oil  had  passed  into  solution,  an 
Of  eration  which  occupied  about  eight  hours  ;  it  was  noticed  that  carbon 
dioxide  was  eliminated  in  considerable  quantities  during  the  process. 
Since  the  hydrolysed  liquid  only  depo.-ited  a  small  quantity  of 
ammonium  chloride  on  cooling,  it  was  extracted  several  times  with 
ether,  the  solution  dried  over  calcium  chloride,  and  the  ether  evapoi-ated. 
The  gummy  residue  which  remained  instantly  solidified  on  scratching, 
and  the  solid,  after  being  treed  from  oil  by  spreading  on  a  porous  plate, 
was  purified  by  recrystallisation  from  chloroform,  being  obtained  in 
large  prisms  melting  at  98°. 

0-1799  gave  0-2975  00.^  and  0*0953  H2O.     0  =  45-10  ;  H  =  5-88. 
CjHgO^  requires  0  =  45-4  j  H  =  6-1  per  cent. 

The  identity  of  the  compound  with  glutaric  acid  was  shown  by  its 
conversion  into  the  anhydi-ide,  an  operation  which  was  effected  by 
boiling  the  acid  with  acetyl  chloride  until  all  had  passed  into  solution. 

On  evaporating  the  excess  of  chloride  a  gum  remained  which  rapidly 
solidified.  Recrystallised  from  ether  it  was  obtained  in  slender  needles 
melting  at  57°. 

Formation  ofEtkyl-a(3-dicyanop'02nonafe,  CN'OH2'CH(CN)'C02Et,  and 
Succinic  Acid,  CO^H-CHg-CHg-COgH. 

Besides  using  quantities  of  the  reacting  substances  different  from 
those  employed  in  the  condensation  already  described,  special  precau- 
tions were  taken  in  this  instance  to  avoid  as  far  as  possible  the  presence 
of  excess  of  the  sodium  derivative  of  ethyl  cyanoacetate  or  of  sodium 
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ethylate  at  any  time  during  the  progress  of  the  condeusation.  With 
this  object  in  view,  not  only  was  slightly  less  than  the  theoretical 
quantity  of  sodium  taken  in  the  first  instance,  but  the  sodium  com- 
pound of  ethyl  cyanoacetate,  suspended  in  the  alcoholic  solution  in 
which  it  was  precipitated,  was  added  to  a  well-cooled  solution  of  form- 
aldehydecyanohydrin  diluted  with  alcohol. 

The  following  method  Avas  found  to  give  the  best  results  : 
5*5  grams  of  sodium  were  dissolved  in  70  grams  of  alcohol  and  28  o 
grams  of  ethyl  cyanoacetate  added.  The  well-cooled  alcoholic  solution 
containing  the  sodium  compound  in  suspension  was  then  added  gradu- 
ally to  a  solution  of  14'3  grams  of  formaldehydecyanohydrin  dissolved 
in  three  times  its  volume  of  alcohol,  care  being  taken  to  keep  the 
temperature  below  10°  throughout  the  addition.  As  each  addition  of 
sodium  compound  was  made  to  the  cyanohydrin,  the  insoluble  sodium 
compound  instantly  dissolved  and  the  temperatui'e  rose,  necessitating 
the  cooling  of  the  mixture  under  running  water.  xVf  ter  all  the  sodium 
compound  had  been  added,  the  clear  solution  was  allowed  to  stand  at 
the  ordinary  temperature  for  two  hours,  when  it  was  poured  into  a 
large  excess  of  water  and  acidified  strongly  with  hydrochloric  acid.  On 
the  addition  of  the  acid,  a  large  quantity  of  oil  separated  which  was 
extracted  with  ether,  the  ethereal  solution  being  washed  first  with 
water,  then  with  a  dilute  solution  of  sodium  carbonate,  dried,  and  the 
ether  evaporated.  The  oil  which  remained  was  then  fractionated 
uuder  reduced  pressure,  when  practically  the  whole  amount  distilled 
constantly  at  162 — 163°  (20  mm.)  as  a  clear,  fairly  mobile  liquid. 

U2205  gave  0-4459  CO^  and  0-1099  HgO.     C  =  55-15  3  H  =  5-52. 
C^HgO^No  requires  C  =  55-2  j  H  =  5-3  per  cent. 

Hydrolysis. — Ethyl-ayS-dicyanopropionate  was  hydrolysed  by  boiling 
it  with  four  times  its  volume  of  concentrated  hydrochloric  acid  in  a 
Geissler  flask  until  all  oil  had  disappeared.  Tlie  oil  dissolved  very 
rapidly,  and  after  being  heated  for  two  hours  all  had  passed  into 
solution,  a  considerable  amount  of  carbon  dioxide  being  evolved  during 
the  process. 

The  hydrochloric  acid  .solution  deposited  a  quantity  of  solid  on  cool- 
ing, which  was  collected  and  recrystallised  from  water.  The  pure  acid 
obtained  in  this  w;iy  melted  at  187°  and  possessed  all  the  properties  of 
succinic  acid. 

0-2202  gave  0-3306  COg  and  0-1018  HgO.     C  -  40-95  :  H  =  5-28. 
C^HyO^  requires  C^40-7  ;  H=:5-l  per  cent. 

The  acid  was  further  chai'acterised  by  converting  it  into  its  anhydride 
)y  means  of  acetyl  chloride. 


D  2 


1462      HIGSON  AXD  I'HORPE  :   A  METHOD  FOR  THE  FORMATION  OF 

Formation  of  Ethyl-afi-dicyano-  (i-  methyl  propionate, 

CN-CH(Me)-CH{ON)-CO,Et, 
and  Methylsuccinic  Acid,  COoH'CHMe'CHg'COgH. 

This  condensation,  which  proceeds  with  remarkable  readiness,  was 
carried  out  in  the  following  manner  :  5 '8  grams  of  sodium  were 
dissolved  in  70  grams  of  alcohol  and  28  grams  of  ethyl  cyanoacetate 
added  to  the  cooled  solution.  17 "5  grams  of  lactic  nitrile  were  then 
poured  in  gradually  with  constant  shaking,  care  being  taken  to  keep 
the  contents  of  the  flask  cool  by  means  of  running  water.  On  each 
addition  of  nitrile,  considerable  heat  was  generated,  and  a  portion  of 
the  insoluble  sodium  compound  of  ethyl  cyanoacetate  passed  into  solu- 
tion. When  the  requisite  quantity  had  been  added  all  had  dissolved, 
a  clear,  brown  solution  being  formed.  In  oi'der  to  complete  the 
reaction  the  mixture  was  allowed  to  stand  at  the  ordinary  temperature 
for  twelve  hours,  after  which  time  it  was  poured  into  water,  and  the 
resulting  clear  solution  strongly  acidified  with  hydrochloric  acid.  On 
adding  the  acid,  a  clear  yellow  oil  separated,  which  was  extracted  with 
ether,  the  ethereal  solution  being  washed  first  with  water  and  then 
three  times  with  dilute  sodium  carbonate  solution  and  finally  evapo- 
rated. The  residue  on  distillation  under  reduced  pressure  yielded 
ethyl- ay8-dicyano-/3-methylpropionate  as  a  colourless  oil  boiling  at 
160°  (20  mm.).  The  yield  represented  about  80  per  cent,  of  the 
amount  theoretically  possible. 

0-2447  gave  0-5180  CO..  and  0-1254  H^O.     C  -  57-73  ;  H  =  5-76. 
CgHj^OgNg  requires  C  ^  57-8  j  H  =  60  per  cent. 

The  sodium  carbonate  washings  fiom  the  ethereal  extract  gave  some 
oil  on  acidifying.  This  was  exti-acted  by  means  of  ether,  the  ethereal 
solution  dried  and  evaporated  until  free  from  ether,  when  a  viscid  oil 
remained,  which  decomposed  with  elimination  of  carbon  dioxide  on 
distillation.  Since  the  compound  gave  methylsuccinic  acid  on  hydro- 
lysis, there  can  be  little  doubt  that  it  was  a(i-dicyano-fi-methyljn-o- 
2)ionic  acid,  CN'CHMe*CH(CN)-C02H,  but  the  substance  exhibited  no 
tendency  to  become  crystalline,  and  all  attempts  to  induce  it  to  solidify 
were  unsuccessful.  The  following  analysis  was  made  with  a  specimen 
which  had  been  dried  in  an  evacuated  desiccator  for  several  days. 

0-2135  gave  0-4111  CO.  and  0-0845  HoO.     C  =  52-51  ;  H  =  4-4. 
CyH^jOgN,  requires  C  =  52-2  ;"h  =  4-3  per  cent. 

The  quantity  of  this  acid  formed  is  about  10  per  cent,  of  the 
theoretical  amount.  Its  formation  is  evidently  due  to  the  inevitable 
rise  of  temperature  which  occurs  on  the  addition  of  the  cyanohydrin, 
since  if  the  sodium  derivative  of  ethyl  cyanoacetate  is  cooled  below  0° 
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liy  means  of  ice  and  salt,  and  kept  below  this  temperature  throughout 
the  addition  of  the  cyanohydrin,  very  little  of  the  acid  is  formed. 
ayS-Dicyano-yS-methylpropionic  acid  eliminates  carbon  dioxide  on  being 
slowly  distilled  under  pressure,  and  a  clear,  mobile  liquid  passes  over 
at  253°,  which  solidifies  to  a  white,  crystalline  mass  when  placed  in  a 
freezing  mixture.  It  is  evidently  identical  with  a/3-dicyanopropane, 
prepared  by  Simpson  (Annalen,  1862,  121,  160)  by  the  interaction  of 
propylenbromide  and  alcoholic  potash. 

Hydrolysis  of  Ethyl-a^-dicyano-fi-methylpropionate. — This  operation 
was  effected  by  mixing  the  ethyl  salt  with  four  times  its  volume  of 
concentrated  hydrochloric  acid  in  a  Geissler  flask  and  heating  the 
mixture  on  the  sand-bath  until  all  oil  had  disappeared.  During  the 
progress  of  the  hydrolysis,  considerable  quantities  of  carbon  dioxide 
were  eliminated,  and  after  heating  for  two  hours  all  the  ethyl  salt  had 
passed  into  solution  and  the  evolution  of  gas  had  ceased. 

The  hydrochloi'ic  acid  liquid  was  extracted  repeatedly  by  means  of 
ether,  the  ethereal  solution  dried  with  calcium  chloride,  and  the  ether 
evaporated.  The  gummy  residue  quickly  solidified  on  scratching,  and 
the  acid  was  purified  by  recrystallisation  from  concentrated  hydro- 
chloric acid,  being  thus  obtained  in  needle  clusters  melting  at  1 1 2°. 

0-1449  gave  0-2420  00.,  and  0-0800  Hp.     0  =  45-54;  H-6-1S. 
CjHgO^  i-equires  C  =  45-4  ;  H  =  6-1  per  cent. 

The  acid  was  further  identified  with  methyl  succinic  acid  by  con- 
verting it  into  the  anhydride  by  means  of  acetyl  chloride. 

The  anhydride  crystallised  from  chloroform  in  stout  prisms  melting 
at  36°  (Fichter  and  Herbrand,  Ber.,  1896,  29,  1193). 


Formation  of  Ethyl-afi-dicyano-a^-dimetJiylpropionate, 

CN-0HMe-CMe(CN)-C02Et,' 

and  cis-  and  trsins-sym- Dimethylsuccinic  Acids, 

CO.H-CHMe-CHMe-COoH. 

In  this  condensation  the  method  adopted  was  precisely  the  same  as 
that  described  in  the  one  above,  only  after  the  mixture  had  stood  for 
the  requisite  time  excess  of  methyl  iodide  was  added,  and  the  wholo 
gently  warmed  on  the  water-bath  until  a  test  portion  diluted  with 
water  gave  a  neutral  reaction  towards  litmus.  When  this  point  had 
been  reached,  the  product  was  poured  into  a  large  quantity  of  water, 
which  caused  the  separation  of  an  oil.  This  was  extracted  with  ether, 
the  ethereal  solution,  after  l^eing  freed  from  alcohol  by  washing  with 
water,  dried  with  calcium  chloride,  and  evaporated  until  free  from 
ether.     The  residue  was   a   colourless,  mobile   oil,   which,   on    being 
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distilled  under  diminished  pressure,  was  found  to  boil  constantly  at 
152°  (23  mm.). 

0-3950  gave  0-S624  CO.,  and  0-2273  HgO.     C  =  59-58  ;  H=  6-53. 
C,^Hj202N2  requires  C  =  60-0  ;  H  =  6-7  per  cent. 

The  slightly  low  values  obtained  in  this  analysis  are  probably  due 
to  the  presence  of  traces  of  unmethylated  ethyl  salt. 

Hydrolysis. — The  ethyl  salt  was  hydrolysed  in  the  usual  manner, 
being  mixed  with  about  four  times  its  volume  of  concentrated  hydro- 
chloric acid  and  boiled  in  a  Geissler  flask  for  two  hours,  when  all  oil 
had  passed  into  solution,  and  the  evolution  of  carbon  dioxide,  which 
was  apparent  during  the  process  of  the  hydrolysis,  had  ceased.  The 
hydrochloric  acid  liquid  deposited  a  considerable  quantity  of  crystals 
on  cooling ;  these  were  separated,  washed  with  a  little  water,  and 
dried. 

Without  further  recrystallisation,  the  substance  melted  at  199°,  and 
therefore  consisted  of  nearly  pure  ^vans-acid.  Recrystallised  from  water, 
it  was  obtained  in  the  form  of  prisms  melting  at  209°. 

0-1645  gave  0-2968  CO2  and  0-1001  H,0.     C  =  49-10;  H  =  G-75. 
C^Hj^O^  requires  C  =  49*3  ;  H  =  6-9  per  cent. 

This  acid  was  identified  as  i^'aws-dimethylsuccinic  acid  by  converting 
it  into  the  anhydride,  which  was  effected  by  means  of  acetyl  chloride. 
It  melted  at  43°  (compare  Bone  and  Perkin,  Trans.,  1896,  69,  266). 

In  order  to  isolate  the  cis-acid,  the  hydrochloric  acid  mother  liquors 
were  evaporated  to  dryness,  the  dried  solid  extracted  with  ether,  and 
the  ethereal  solution,  after  being  dried  with  calcium  chloride,  evapor- 
ated until  free  from  ether.  The  residual  gum,  which  solidified  on 
scratching,  was  then  rubbed  with  a  little  cold  water,  filtered  from  a 
small  quantity  of  trans-SiCidi  which  remained  undissolved,  and  the  clear 
filtrate  mixed  with  an  equal  volume  of  concentrated  hydrochloric  acid. 
On  standing,  crystals  of  the  cis-acid  slowly  separated  and  were  found 
to  melt  at  129°. 

0-1996  gave  0-3605  COg  and  0-1286  HgO.     C  =  49-26  ;  H  =  7-04. 
CgHj^O^  requires  C  =  49-3  ;  H  =  6-9  per  cent. 

The  acid  was  characterised  as  cis-dimethylsuccinic  acid  by  converting 
it  into  its  anhydride  (m.  p.  87°)  by  means  of  acetyl  chloride.  A  careful 
examination  of  the  mother  liquors  failed  to  reveal  any  ti'ace  of  methyl- 
succinic  acid,  and  therefore  apparently  the  conversion  of  the  sodium 
compound  into  the  methyl  derivative  by  direct  treatment  with  methyl 
iodide  is  practically  complete  under  the  experimental  conditions 
described. 
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Formation  of  Ethyl-a^-dicyano-^fi-dimethyljvojnonaie, 

CN-CMe./CH(CN)-C02Et, 

and  a,sym- Dijnethylsuccinic   Acid,  COgH'CMeg'CH^'COgH, 

Some  little  difficulty  was,  in  the  first  instance,  experienced  in  deter- 
mining the  right  conditions  under  which  the  condensation  of  acetone- 
cyanohydrin  with  the  sodium  compound  of  ethyl  cyanoacetate  could 
be  effected. 

When  the  condensation  was  carried  out  in  the  same  way  as  that 
already  described  in  the  case  of  lactic  nitrile,  it  was  observed  that  a 
very  considerable  reduction  in  temperature  took  place  on  adding  the 
cyanohydrin  to  the  sodium  compound,  and  that  the  yield  of  the  con- 
densation product  scarcely  exceeded  20  per  cent,  of  the  theoretical 
amount.  This  reduction  in  temperature  is  evidently  due  to  the  de- 
composition of  acetonecyanohydrin  into  acetone  and  hydrocyanic  acid 
in  the  presence  of  the  alkaline  sodium  compound,  or  of  traces  of  free 
sodium  ethylate  mixed  with  it.  It  has  been  recently  shown  by  A.  J. 
Ultee  (Ber.,  1906,39,  1857)  that  traces  of  alkali  bring  about  this  decom- 
position and  that  heat  is  absorbed  during  the  process.  Recourse  was 
therefore  had  to  the  method  adopted  in  the  case  of  the  condensation  of 
formaldehydecyanohydrin  and  ethyl  sodiocyanoacetate,  in  which,  in 
order  to  avoid  excess  of  the  sodium  derivative  at  any  time  during 
the  condensation,  it  was  added  gradually  to  a  solution  of  the  cyano- 
hydrin in  absolute  alcohol,  and  at  the  same  time  slightly  less  than  the 
theoretical  amount  of  the  sodium  was  taken.  In  this  way,  a  yield 
representing  about  65 — 70  per  cent,  of  the  theoi-y  was  obtained. 

Sodium  (5"5  grams;  theory  requires  5'8  grams)  was  dissolved  in 
absolute  alcohol  (70  grams),  and  ethyl  cyanoacetate  (28  grams) 
added.  This  mixture,  after  being  well  cooled,  was  then  added  gradually 
to  a  solution  of  22  grams  of  acetonecyanohydrin  dissolved  in  an  equal 
volume  of  alcohol,  the  contents  of  the  flask  being  vigorously  shaken 
after  each  addition.  It  was  noticed  that  during  this  process  the 
temperature  rose  appreciably,  and  that  the  sodium  derivative  of  ethyl 
cyanoacetate  slowly  passed  into  solution. 

When  all  had  been  added,  the  mixture  was  allowed  to  stand  for  an 
hour,  when  the  contents  of  the  flask  were  found  to  have  become  solid 
owing  to  the  separation  of  the  sodium  compound  of  the  condensation 
product.  A  large  excess  of  water  was  then  added,  and  the  resulting 
clear  solution  made  faintly  acid  with  hydrochloric  acid.  The  addition 
of  the  acid  caused  the  separation  of  an  oil,  which,  however,  was  found 
again  to  pass  into  solution  on  the  addition  of  a  large  excess  of  acid. 
In  this,  therefore,  and  in  the  other  experiments,  care  was  always  taken 
not  to  add  an  excess  of  acid.  The  precipitated  oil  was  extracted 
by  means  of  ether,  the  ethereal  solution  washed  with  water  and  dilute 
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sotlium  carbonate  solution,  dried  with  calcium  chloride,  and  the  ether 
evaporated.  The  residual  oil,  on  distilling  under  diminished  pressure, 
was  found  to  consist  almost  entirely  of  ethyl-ayS-dicyano-^yS-dimethyl- 
propionate,  which  is  a  colourless,  fairly  mobile  liquid  boiling  at  150° 
(22  mm.). 

0-1798  gave  03970  CO^  and  0-1131  H^.     C- 60-23;  H  =  6-98. 
CgHjgOoI^^a  i^equires  C  =  60-0  ;  11=  6-7  per  cent. 

Hydrolysis, — The  ethyl  salt  Avas  mixed  with  four  times  its  volume 
of  concentrated  hydrochloric  acid  and  the  mixture  heated  in  a  Geissler 
flask  for  three  hours.  The  oil  dissolved  very  quickly  in  the  strong 
acid  solution,  and  the  evolution  of  carbon  dioxide  became  very  vigorous 
as  soon  as  the  solution  began  to  boil.  The  hydrolysed  liquid  deposited 
a  considerable  quantity  of  crystalline  substance  on  cooling.  This  was 
separated  and  recrystallised  from  water,  as^/m-dimethylsuccinic  acid 
being  thus  obtained  in  large  prisms  melting  at  139°. 

0-1798  gave  0-3227  CO2  and  0-1102  H2O.    C  =  48-94;  H  =  6'87. 
Ci^HjqO^  requires  C  =  49-3  ;  H  =  6-9  per  cent. 

The  acid  was  further  characterised  by  converting  it  into  its  anhydride 
by  means  of  acetyl  chloride.  Recrystallised  from  benzene  it  showed 
the  correct  melting  point,  namely,  29°. 

Formation  of  Ethyl-a^-dicyano-a^ptrimethylpropio7iate, 

CN-CMe2-CMe(CN)-C02Et, 
and  Trimethylsuccinic  Acid,  C02H-C*:\re2-CHMe-C02H. 

In  the  condensation  of  aeetonecyanohydrin  and  ethyl  sodiocyano- 
acetate  described  above,  it  was  mentioned  that  after  the  mixture  had 
been  allowed  to  stand  for  one  hour  the  contents  of  the  flask  became 
.t^olid  owing  to  the  separation  of  the  sodium  compound  of  the  con- 
densation product.  In  the  present  experiment,  excess  of  methyl  iodide 
was  added  directly  to  the  sodium  derivative  prepai-ed  in  this  way  and 
the  whole  gently  warmed  on  the  water-bath  until  a  test  portion  on 
dilution  with  water  gave  a  neutral  reaction  to  litmus.  Water  was 
then  added,  and  the  oil  which  was  precipitated  extracted  by  means  of 
ether.  The  ethereal  solution,  after  being  washed  with  water  to  free  it 
from  alcohol,  was  dried  with  calcium  chloride  and  evaporated  until  free 
from  ether.  The  residual  oil  on  being  distilled  under  diminished 
pressure  gave  ethyl-a^-dicyano-a^/3-trimethylpropionate  as  a  clear, 
colourless  oil  boiling  at  150°  (20  mm.). 

0-1554  gave  0-3409  COg  and  0-1003  HgO.     0  =  61-58;  H  =  7-15. 
^o^iANo  requires  C  =  61-9  ;  H  =  7-2  per  cent. 
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The  yield  of  the  pure  ethyl  salt  is  about  the  same  as  in  the  case  of 
the  corresponding  dimethyl  derivative,  being  about  70  per  cent,  of  the 
theoretical  amount. 

Hydrolysis. — The  ethyl  salt  was  hydi'olysed  in  the  usual  way,  being 
mixed  with  four  times  its  volume  of  concentrated  hydrochloric  acid 
and  heated  on  the  sand-bath  until  all  oil  had  dissolved,  a  process  which 
took  nearly  six  hours.  On  cooling,  the  hydrolysed  liquid  deposited  a 
considerable  quantity  of  crystalline  acid,  which  was  collected  and 
recrystallised  from  water,  being  thus  obtained  in  colourless  prisms 
melting  at  152^. 

0-2258  gave  0-4338  COo  and  0-1524  Hp.     C  =  52-39;   H  =  7-5. 
C^HjoO^  requires  C  =  52-5  ;  H  =  7"5  per  cent. 

The  acid  was  further  identified  as  trimethylsuccinic  acid  by  convert- 
ing it  into  its  anhydride.  This  compound  was  found  to  possess  the 
correct  melting  point,  namely,  38°. 

An  examination  of  the  mother  liquors  failed  to  reveal  any  trace  of 
rts^m-dimethylsuccinic  acid,  and  therefore  the  conversion  of  the  sodium 
derivative  into  the  methyl  compound  is  practically  complete  under  the 
experimental  conditions  described. 

Fcyt'ination  of  Ethyl-aP-dicyano-(i-methyl~(i-et1iylpro2)ionate, 

0N-CMeEt-CH(CN)-C02Et, 

and  a-Methyl-a-ethylsuccinir.  Acid,  CMeEt(C02H)'CHo*C0oH. 

Although  methyletbylketonecyanohydrin  behaves  in  much  the  same 
way  as  acetonecyanohydrin,  that  is  to  say,  when  treated  with  the 
alkaline  sodium  derivative,  a  certain  amount  of  heat  is  absorbed,  yet 
it  was  found  that  when  the  cyanohydrin  was  added  slowly  to  the 
sodium  derivative  in  alcohol  very  little  change  in  temperature  occurred, 
and  that  after  the  mixture  had  stood  for  half  an  hour  the  temperature 
slowly  began  to  rise.  The  following  method  was  found  to  give  a  yield 
of  the  condensation  product  representing  sibout  80  per  cent,  of  that 
theoretically  possible. 

5-6  grams  of  sodium  (slightly  less  than  a  quarter  molecule)  were 
dissolved  in  70  grams  of  alcohol  and  28  grams  of  ethyl  cyanoacetate 
added  ;  25  grams  of  methyletbylketonecyanohydrin  were  then  intro- 
duced in  small  quantities  at  a  time.  A  slight  absorption  of  heat  was 
noticed,  but  apparently  little  change  occurred,  since  the  white  sodium 
compound  of  ethyl  cyanoacetate  remained  unaltered.  The  mixture 
was  allowed  to  stand  at  the  ordinary  temperature  for  twelve  hours. 
After  standing  for  half  an  hour  it  was  noticed  that  heat  was  being 
generated,  and  tbat  the  sodium  derivative  was  gradually  passing  into 
solution.     The  ilask  was  therefore   cooled  under  running  water  and 
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again  allowed  to  stand,  this  process  being  repeated  as  often  as  any 
appreciable  rise  in  temperature  took  place.  After  standing  the 
requisite  time,  the  contents  of  the  flask  consisted  of  a  thick,  yellow 
mass.  Water  was  added,  and  the  clear,  yellow  solution  rendered  acid 
by  means  of  hydrochloric  acid.  The  yellow  oil  which  then  separated 
was  extracted  with  ether,  the  ethereal  solution  washed  with  water  and 
then  with  dilute  sodium  carbonate  solution,  dried  with  calcium  chloride, 
and  the  ether  evaporated.  The  residual  oil,  on  distilling  under 
diminished  pressure,  was  found  to  consist  of  pure  ethyl-ayS-dicyano-^- 
methyl-/8-ethylpropionate,  a  colourless  oil  boiling  at  162°  (20  mm.). 

0-1352  gave  0-3165  CO.  and  0-0855  H2O.     0  =  63-84;  H  =  7-01. 
C^^Hj^OgNg  requires  C  =  64-1  ;  H  =  68  per  cent. 

The  sodium  carbonate  washings  from  the  ethereal  extract  gave  only 
a  trace  of  oil  on  acidifying,  showing  that  very  little  of  the  dicyano- 
acid  was  formed  during  the  condensation. 

Hydrolysis. — The  ethyl  salt  was  hydrolysed  by  boiling  it  in  a 
Geissler  flask  with  four  times  its  volume  of  concentrated  hydrochloric 
acid  until  all  oil  had  passed  into  solution  and  until  the  evolution 
of  carbon  dioxide  had  ceased,  a  process  which  took  about  four  hours. 
Since  the  hydrolysed  liquid  did  not  deposit  any  crystalline  substance 
on  cooling,  it  was  extracted  several  times  with  ether,  and  the  ethei-eal 
solution,  after  being  dried  over  calcium  chloi-ide,  evaporated  until  free 
from  ether.  The  gum  which  remained  instantly  solidified  on  scratching, 
and  the  solid  acid  was  purified  by  dissolving  it  in  water,  adding  an 
equal  volume  of  concentrated  hydrochloric  acid,  and  allowing  the 
solution  to  stand.  Fern-like  needles  slowly  separated  which  melted 
sharply  at  104°. 

0-1698  gave  03251  CO2  and  0-1164  H2O.     0  =  52-23;  H  =  7-60. 
C7HJ2O4  requires  0  =  52*5;  H  =  7-5  per  cent. 

The  acid  was  clmracterised  by  converting  it  into  its  anhydride  by 
means  of  acetyl  chloride.  The  acid  was  boiled  with  the  chloride  until 
all  had  passed  into  solution,  when  the  excess  of  chloride  was  evapor- 
ated in  an  evacuated  desiccator  over  potash.  Since  the  anhydride 
showed  no  signs  of  solidifying  it  was  distilled  under  diminished 
pressure,  when  a  colourless,  mobile  liquid  passed  over  at  140-' 
(20  mm.),  which  showed  no  signs  of  crystallising  after  standing 
some  weeks.  Accoi-ding  to  Hell  {Ber.,  1891,  24,  1393)  and  Auwers 
and  Fritzweiler  (Annalen,  1896,  289,  170),  the  anhydride  of  this  acid 
is  a  liquid. 
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Formation  of  Ethyl-a8-dicyano-P-hexylpropionate, 

CN-CH(OfiH^3)'CH(CN)-C02Et, 

and  Hexylsuccinic  Acid,  CH(C^Hj3)(C02H)-CH2-COoH. 

The  condensation  between  cenantholcyanohydrin  and  the  sodium 
dei-ivative  of  ethyl  cyanoacetate  proceeds  very  smoothly,  and  the  yield 
of  the  condensation  product  is  practically  quantitative.  Tiie  method 
adopted  was  as  follows  :  5 "8  grams  of  sodium  were  dissolved  in  70  grams 
of  alcohol,  and  the  solution  mixed  with  28  grams  of  ethyl  cyano- 
acetate ;  35  grams  of  cenantholcyanohydrin  were  then  added  in  small 
quantities  at  a  time.  After  each  addition,  heat  was  generated,  and 
the  mixture  had  to  be  cooled  under  running  water.  When  all 
had  been  added,  the  whole  of  the  sodium  compound  had  passed 
into  solution  and  a  clear,  yellow  liquid  remained,  although  in  order 
to  complete  the  reaction  the  mixture  was  allowed  to  stand  twelve 
hours  at  the  ordinary  temperature.  Water  was  then  added,  and 
the  solution  acidified  with  hydrochloric  acid.  On  the  addition  of 
the  acid,  a  yellow  oil  separated  which  was  extracted  with  ether, 
the  ethereal  solution  being  washed  first  with  water  to  free  it  from 
alcohol,  then  with  dilute  sodium  carbonate  solution,  and  finally  dried 
over  calcium  chloride.  The  solution  was  then  evapoi'ated  until 
free  from  ether  and  the  residual  oil  distilled  under  diminished 
pressure,  when  the  pure  ethyl  salt  passed  over  as  a  viscid,  colour- 
less oil  at  192°  (20  mm.),  which  solidified  on  standing  to  a  white, 
crystalline  cake.  Recrystallised  from  dilute  methyl  alcohol,  it  was 
obtained  in  large  prisms  which  melted  at  45^. 

0-1598  gave  0-3869  CO.  and  Oa279  H2O.     C- 66-03;  H  =  8-85. 
C^gHjoOoNo  requires  C  =  661  ;  H  =  8-5  per  cent. 

The  sodium  carbonate  washings  from  the  ethereal  solution  deposited 
a  small  quantity  of  oil  on  acidifying  which  gradually  became  solid. 
When  recrystallised  from  methyl  alcohol  it  was  obtained  in  small 
needles  which  mehed  at  97°.  The  quantity,  however,  was  too  small 
for  analysis,  although,  since  it  gave  off  carbon  dioxide  on  heating  at 
ISO"",  there  can  be  no  doubt  that  it  was  a(i-dicyano-^-hexyl2)rojnonic 
acid,  CN-CH(C^Hi3)-CH(CN)-C02H. 

Hydrolysis  of  £thyl-a/3-dicyano-(3-hexylj/ropionate. — This  hydrolysis 
was  effected  in  the  usual  way,  namely,  the  ethyl  salt  was  mixed  with 
four  times  its  volume  of  concentrated  hydrochloric  acid  and  heated  on 
the  sand  bath  for  eighteen  hours.  The  fact  that  the  hexylsuccinic 
acid  which  is  formed  during  the  process  of  the  hydrolysis  is  insoluble 
in  concentrated  hydrochloric  acid  renders  it  a  matter  of  some  difliculty 
to  determine  the  end-point  of  the  hydrolysis.     It  was  found,  however, 
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that  it  was  iinished  when  the  evolution  of  carbon  dioxide,  which  was 
abundant  at  the  commencement,  had  ceased,  and  when  a  test  portion  of  the 
oil  completely  dissolved  on  treatment  with  sodium  carbonate  solution. 
The  oil  which  floated  on  the  surface  of  acid  liquid  after  the  hydrolysis  had 
been  effected  solidified  on  cooling.  It  was  separated  and  recrystallised 
from  dilute  alcohol,  being  obtained  in  small  plates  melting  at  87°. 

0-1300gaveO-2844CO,,  and  0-1082  H2O.     C-59-66.     H  =  9-24. 
Cj^gH^gO^  i-equires  C  =  59'4  ;  H  =  8'9  per  cent. 

Hexylsuccinic  acid  is  readily  soluble  in  hot  water,  but  sparingly  so 
in  cold.  It  is  difficult,  however,  to  recrystallise  it  from  this  solvent, 
since,  owing  to  its  low  melting  point,  it  frequently  separates  as  an  oil. 
The  best  method  was  found  to  be  as  follows  :  the  acid  was  dissolved  in 
boiling  water,  and,  after  cooling,  a  few  drops  of  methyl  alcohol  were 
added  to  the  solution  in  order  to  redissolve  any  oil  which  may  have  been 
])recipitated.  This  solution  on  standing  deposited  the  acid  slowly  in 
glistening  plates.  When  first  prepared,  the  acid  has  an  odour  resembl- 
ing a  fatty  acid,  but  it  lost  this  on  recrystallisation  and  was  then  quite 
■odourless. 

The  silver  salt  was  prepared  by  adding  a  solution  of  the  calculated 
quantity  of  silver  nitrate  to  a  neutral  solution  of  the  ammonium  salt 
of  the  acid.  The  white  precipitate  which  then  separated  was  collected 
and  dried. 

0-2573  gave  0-1424  Ag.     Ag  =  51-72. 

CjQHjgO^Agg  requires  Ag  =  51*80  per  cent. 

The   miltydride,  Au-  _^^^    nr^^'   '^^"^'^    prepared   by  boiling  the 
CH..2  GO 

acid  with  acetyl  chloride  until  all  had  passed  into  solution  and  until 

the  evolution  of  hydrogen  chloride  had  ceased.     After  the  excess  of 

chloride  had  been  evaporated  in  an  evacuated  desiccator  over  j)oLash, 

the   gum   which    was   left   quickly    solidified.      The    anhydride    thus 

formed  crystallised  from  light  petroleum  (b.  p.  60 — 80°)  in  slender,  long, 

colourless  needles  melting  at  57°. 

0-1351  gave  03231  CO,  and  0-1098  B.f>.     0  =  65-22;  H  =  9-02. 
C^oHj^Og  requires  C  =  65-2  ;  H  --  8-8  per  cent. 

The  anhydride  dissolved  on  boiling  with  water,  and  on  cooling 
hexylsuccinic  acid  meltiug  at  87°  separated  from  the  solution. 

The  anilic  acid,  C02H-CH/CH(C6Hi3)-CO-NHPh,  was  formed  by 
adding  a  benzene  solution  of  the  anhydride  to  a  solution  of  freshly- 
distilled  aniline  in  the  same  solvent.  The  mixture  became  at  once  hot 
and  then  almost  solid  owing  to  the  separation  of  the  anilic  acid.     It 
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was   purified   by   recrystallisation    from   benzene   and    in    this    way 
obtained  in  microscopic  plates  melting  at  122°. 

0-1149  gave  0-2927  COo  and  0-0847  HoO.     0  =  69-48;  H  =  8-18. 
C10H23O3N  requires  C  =  69-3  -"11  =  8-3  per  cent. 

Formation  of  Et/iT/l-afS-dicyajio-f^-pheni/lpropionate, 

CN-CHPlrCH(CN)-C02Et, 
and  Plienylsiiccinic  Acid,  C02H'OHPh*CHo'C02H. 

The  condensation  between  the  sodium  compound  of  ethyl  cyanoacetate 
and  mandelic  nitrile  also  gave  good  results,  and  the  yield  in  this  case 
as  well  as  in  the  one  above  was  almost  quantitative.  The  method 
adopted  was  as  follows  :  5 '8  grams  of  sodium  were  dissolved  in  70 
grams  of  alcohol  and  28  grams  of  ethyl  cyanoacetate  added.  Thirty-three 
grams  of  mandelic  nitrile  were  then  added  to  the  alcoholic  solution 
containing  the  insoluble  sodium  compound  in  suspension,  in  small 
qvxantities  at  a  time.  Considerable  heat  was  generated  after  each 
addition,  and  it  was  found  necessary  to  regulate  the  temperature  by 
cooling  under  running  water.  When  all  the  nitrile  had  been  added,  the 
sodium  compound  had  passed  into  solution  and  the  clear,  brown  liquid 
which  was  formed  was  allowed  to  stand  twelve  hours  in  order  to  com- 
plete the  reaction.  After  this  time  the  product  was  poured  into  water 
and  the  solution  rendered  acid  by  means  of  hydrochloric  acid.  The 
oil,  which  was  then  precipitated,  was  extracted  by  means  of  ether,  the 
ethereal  solution  washed  several  times  with  water  to  remove  alcohol, 
then  thoroughly  with  a  dilute  solution  of  sodium  carbonate,  and,  after 
drying  over  calcium  chloride,  evaporated  until  free  from  ether.  The 
viscid,  brown  oil  which  remained  became  solid  on  standing.  It  was 
spread  on  a  porous  plate  to  remove  oily  impurities,  and  then  re- 
crystallised  from  dilute  methyl  alcohol.  The  ethyl  salt  was  thus 
obtained  in  colourless  plates  melting  at  64°. 

0-1952  gave  0-4920  CO,  and  0-0954  H,0.     0  =  68-71 ;  H  =  5-47. 
OJ3HJ0O2N2  requires  C  =  68-4  ;  H  =  5-3  per  cent. 

The  sodium  cai-bonate  washings  from  the  ethereal  solution  gave  an 
oil  on  acidifying  which  rapidly  solidified.  It  was  collected  by  filtration 
and  recrystallised  from  dilute  alcohol,  being  obtained  in  colourless 
plates  melting  at  72°.  This  compound,  which  is  soluble  in  sodium  carb- 
onate solution,  gave  the  following  results  on  analysis  : 

I.  0-1447  gave  03750  CO2  and  00787  H^O.     0  =  7067  ;  H  =  6-04. 
II.  0-1254  gave  0-3250  CO2  and  0-0697  HgO.     0  =  70  69;  H  =  6-23. 
OjjjHjgOgN  requires  0  =  70-9  ;  H  =  6-4  per  cent. 

From  these  figures  it  is  apparent  that  the  substance  is  not  the  free 
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acid  (namely,  aj8-dicyano-/8-pbenylpropionic  acid),  and  it  is  difficult  to 
say  what  the  constitution  of  the  body  can  be,  since  the  quantity  formed 
was  too  small  for  an  extended  investigation.  The  fact,  however,  that 
on  hydrolysis  with  hydrochloric  acid  it  was  converted  into  phenyl- 
succinic  acid  shows  that  it  must  be  closely  related  to  the  true  conden- 
sation product  in  constitution. 

Hydrolysis. — Ethyl-a/3-dicyano-^-phenyIpropionate  was  hydrolysed  in 
the  same  way  as  in  the  case  of  the  previous  ethyl  salts  described,  being 
mixed  with  four  times  its  volume  of  concentrated  hydrochloric  acid  and 
heated  on  the  sand-bath  until  a  test  portion  was  completely  soluble  in 
sodium  carbonate  solution,  a  process  which  required  from  two  to  three 
hours.  On  cooling,  the  hydrolysed  liquid  became  partially  solid  owing  to 
the  separation  of  the  acid.  The  solid  was  separated  by  filtration  and 
recrystallised  from  hot  water,  when  phenylsuccinic  acid  was  obtained 
in  warty  aggregates  melting  at  168°. 

0-1499  gave  0-3408  COg  and  00746  H.O.     C  =  62-01  ;  H  =  5-5. 
CjqHjqO^  requires  C  =  61-8;  H  =  5-2  per  cent. 

Manchester  University. 
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It  will  be  noted  that  the  proJuct  of  the  hydrolysis  of  diacetyl- 
chrysaniline  methiodide  with  boiling  dilute  sulphuric  acid  and  pre- 
cipitation with  caustic  soda  has  been  represented  by  either  of  two 
alternative  formulae,  IV  and  V,  of  which  the  authors  prefer  the 
latter. 

Fischer  and  Kbrner  in  their  research  on  chrysaniline  (Bei\,  1884, 
17,  203  ;  Annalen,  1886,  226,  175)  mention  that  Glaus  hid  observed 
the  smooth  exchange  of  an  amino-  for  a  hydroxy-group  by  heating 
with  fuming  hydrochloric  acid  for  several  hours  at  160°;  the  resulting 
chrysophenol  was  further  examined  by  the  authors  mentioned,  who 
prepared  an  acetyl  derivative  and  a  platinichloride.  We  considered 
that  the  addition  of  methyl  iodide  to  the  acetyl  derivative  of  chryso- 
phenol would  be  of  intei-est,  not  merely  on  account  of  the  possibility 
of  obtaining  a  new  anhydro-base,  but  also  as  being  likely  to  furnish 
further  information  respecting  the  colour  and  fluorescence  of  acridine 
derivatives  in  relation  to  their  constitution. 

The  chrysophenol  used  in  this  investigation  was  prepared  in  a 
manner  similar  to  that  indicated  by  Glaus,  the  acid  used  was  probably 
somewhat  weaker  ("  pure  hydrochloric  "),  and  the  time,  ten  hours, 
longer.  The  preparation  of  sufficient  material  was  very  tedious,  but 
good  yields  were  obtained.  The  tubes  were  frequently  almost  tilled 
with  deep  garnet-coloured  needles,  apparently  quite  homogeneous,  and 
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not  melting  below  250° ;  these  appear,  however,  to  consist  of  mixed 
crystals  of  the  hydrochloride  and  sal-ammoniac.  An  air-dried  specimen, 
submitted  to  no  further  purification,  gave  the  following  analytical 
results : 

Oa399  gave  15-2  c.c.  dry  nitrogen  at  29°  and  756  mm.     ]Sr  =  12-3. 
0-2120  gave  0-1463  AgCl.     Cl  =  17-1. 
CigHj^ONa-HCl-NH^Cl  requires  N  =  11-2  ;  CI  =  18-8  per  cent. 

The  fact  that  a  small  amount  of  the  chrysaniline  remains  unattacked 
would  explain  the  discrepancy  between  the  calculated  and  found  per- 
centages. Claus  and  Fischer  and  Kbrner  regarded  the  crystalline 
substance  from  their  tubes  as  being  a  mixture  of  sal-ammoniac  and 
chrysophenol  hydrochloride,  but  did  not  note  the  apparent  homogeneity 
and  uniformly  acicular  character  of  the  cxystals. 

The  free  base  was  obtained  from  the  crystals  after  separation  of  the 
mother  liquor  by  solution  in  water  and  addition  of  alkali.  A  trace  of 
unchanged  chrysaniline  was  precipitated  and  removed  by  filtration, 
and  the  chrysophenol  separated  from  the  alkaline  solution  as  a  salmon- 
coloured,  flocculent  mass  by  exact  neutralisation  with  dilute  acid. 

When  prepared  in  this  way,  chrysophenol  is  a  red  substance  which 
darkens  considerably  on  drying.  It  is  slightly  soluble  in  water  and 
freely  so  in  alcohol  or  acetone,  but  is  dissolved  far  less  readily  by 
ether  or  benzene.  For  purification  it  was  dissolved  in  hot  alcohol, 
water  added  until  a  slight  turbidity  was  produced,  the  solution  again 
heated,  and  then  allowed  to  cool.  Small,  maroon  needles  were  thus 
obtained,  which  melted  at  115°  to  a  clear  liquid  and  gave  the  follow- 
ing results  on  analysis  : 

00693  gave  6-5  c.c.  dry  nitrogen  at  30°  and  754  mm.     N  =  10-5. 
C^9H;^40N2  requires  N  =  9-8  per  cent. 

Chrysophenol  dissolves  in  concentrated  sulphuric  acid  with  strong 
deep  green  fluorescence,  the  fluorescence  exhibited  by  chrysaniline 
under  these  conditions  being  similar  but  less  intense.  On  dilution,  the 
chrysophenol  fluorescence  persists,  whilst  that  of  chrysaniline  dis- 
appears. 

The  solution  of  chrysophenol  in  alcohol  does  not  exhibit  fluorescence, 
but  chrysaniline  and  benzoflavine  both  give  fluorescent  solutions  in 
this  solvent,  especially  the  latter  diamino-base,  which  is  more  sym- 
metrical. 

In  order  to  obtain  an  idea  as  to  the  cause  of  these  phenomena,  it  is 
desirable  to  know  which  amino-group  in  chrysaniline  is  displaced  in 
its  conversion  to  chrysophenol.  We  are  of  opinion  that  it  is  un- 
doubtedly the  amino-group  in  position  2  and  not  that  in  position  5-p 
which  is   eliminated.     Plienylacridine  when    nitrated    or   chlorinated 
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yields  di-substitution  derivatives  with  such  ease  as  to  suggest  that  two 
symmetrical  positions  are  attacked  (A.  E.  Dunstan  andR.  O'F.  Oakley, 
Ber.,  1906,  39,  981),  and  it  is  scarcely  probable  that  these  would  be 
in  the  5-phenyl  nucleus  which  is  attached  to  the  meso-caxhon  atom. 
Since  there  is  always  the  possibility  of  quinonoid  structure  between 
this  «ieso-carbon  atom  and  positions  2  and  8,  the  latter  seem  to  be 
the  likely  points  of  attack,  a  view  which  receives  support  from 
analogous  reactions  in  the  azine  and  oxazine  series.  The  displacement 
of  amino-groups  in  positions  2  and  8  in  the  acridine  nucleus  by 
hydroxyl  under  the  influence  of  acids  has  been  patented  by  L.  Cassella 
and  Co.  (D.R.-P.  121686)  and  further  studied  by  F.  Ullmann  and 
R.  Fitzenkam  in  the  case  of  acridine  yellow  (Ber.,  1905,  38,  3794),  so 
that  we  have  no  hesitation  in  ascribing  to  chrysophenol  the  constitu- 
tion of  2-hydroxy-5-jo-aminophenylacridine. 

The  fully  symmetrical  benzoflavine  may  be  expected  to  fluoresce 
stroDgly  in  alcoholic  solution,  and  this  is  the  actual  case.  If,  corre- 
sponding to  the  scheme  given  in  our  last  communication  on  p.  488,  we 
endeavour  to  represent  chrysaniline  tautomerically,  we  see  that  three 
formulae  are  possible  : 
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Formulse  I  and  III,  although  very  similar,  are  not  identical,  and  the 
fluorescence  of  this  compound,  as  mentioned,  is  not  so  marked  as  that 
of  benzoflavine. 

If  we  construct  corresponding  formuhe  for  chrysophenol  (where  the 
NH  in  position  2  is  replaced  by  0),  we  see  that  the  structures  corre- 
sponding to  I  and  III  are  not  very  similar,  in  fact  we  should  hardly 
expect  the  molecules  to  swing  regularly  between  the  extreme  con- 
figurations. It  has  already  been  stated  that  chrysophenol  in  alcoholic 
solution  does  not  fluoresce,  a  result  in  good  agreement  with  the 
theoretical  deduction. 

Although  chrysophenol  contains  a  phenolic  group  and  is  soluble  in 
alkali,  yet  it  is  a  base  of  considerable  strength.  Fischer  and  Korner 
prepared  two  series  of  salts  from  it,  indicating  that  it  may  behave  as 
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a  di-  or  mono-acidic  base.     We  have  further  characterised  the  sub- 
stance by  the  preparation  of  a  chromate  and  a  platinichloride. 

Chrysophenol  chromate,  obtained  by  adding  potassium  chromate  to  a 
solution  of  the  hydrochloride,  is  a  sandy-yellow,  crystalline  powder  not 
melting  below  250°.  After  washing  with  alcohol  and  drying  in  a 
vacuum,  the  following  result  was  obtained  on  analysis  : 

0-1321  gave  0'0251  Cr.Og.     Cr  =  12-5. 

Cjf,Hj^ONo,H2Cr04  requires  Cr  — 128  per  cent. 

Chrysojjhenol  platinichloride  was  precipitated  by  addition  of 
hydrogen  platinichloride  to  the  aqueous  solution  of  the  hydrochloride 
as  a  brown,  sandy  powder.  The  salt  was  analysed  after  washing  with 
alcohol  and  drying  in  a  vacuum  : 

0-2097  gave  00420  Pt.     Pt  =  20-0. 

(CjgHj^ONgV^.HaPtCl^  requires  Pt  =  19-8  per  cent. 

The  nitrate  of  chrysophenol  gives  a  double  salt  with  silver  nitrate 
(whitish-yellow  precipitate)  ;  the  salts  of  chrysophenol  also  furnish 
yellow  precipitates  with  phosphomolybdic  acid  and  potassium  ferro- 
cyanide. 

Acetylation  of  Chrysophenol. 

A  diacetyl  derivative  of  chrysophenol  is  obtained  on  boiling  a  mixture 
of  the  base  with  its  own  weight  of  fused  sodium  acetate  and  five  times 
its  weight  of  acetic  anhydride  for  some  hours  in  a  reflux  apparatus. 
The  change  of  colour  to  the  brownish-yellow  of  the  acetylated  product 
is  significant,  though  not  so  marked  as  in  the  case  of  chrysaniline. 
The  contents  of  the  flask  were  poured  into  weak  alcohol  to  destroy 
excess  of  acetic  anhydride,  and  semi-crystalline  crusts  appeared  on 
cooling,  which,  after  recrystallisation  from  glacial  acetic  acid,  formed 
dark  brown  needles.  This  substance  does  not  melt  below  250°,  dis- 
solves in  strong  sulphuric  acid  with  vivid  greenish-blue  fluorescence, 
and,  from  its  analysis,  appears  to  be  the  acetate  of  diacetylchryso- 
p)henol. 

0-2480  gave  0-6275  CO^  and  0-12.36H2O.     C-69-0;  H  =  5-5. 
^25^22^5^2  requires  C  =  69-7;  H  =  5-l  per  cent. 

The  bulk  of  the  alcoholic  solution  obtained  after  acetylation  was 
neutralised  with  dilute  ammonia  with  production  of  a  flocculent,  orange- 
coloured  precipitate.  This  was  collected,  washed,  dried,  and  re- 
crystallised  from  absolute  alcohol,  in  which  it  is  fairly  soluble.  After 
drying  at  100°,  analysis  showed  that  the  substance  was  diacetylchryso- 
phenol. 
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0-0590  gave  0-1610  CO2  and  0-0307  H^O.     C  =  74-4;  H  =  5-8. 
0-3208  gave  21-2  c.c.  dry  nitrogen  at  27°  and  761  mm.     N"=  7-6. 
C23HJ8O3N2  requires  0  =  74-6  ;  H  =  5-4  ;  N  =  7-5  per  cent. 

Diacetylchrysophenol  does  not  melt  below  250°,  and  its  alcoholic 
solution  exhibits  no  fluorescence.  The  substance  possesses  basic 
character,  as  shown  by  the  isolation  of  the  acetate ;  a  chromate  and  a 
platinichloride  have  also  been  prepared. 

Diacetylchrysoj^henol  chromate,  obtained  by  the  addition  of  potassium 
chromate  solution  to  a  solution  of  the  base  in  dilute  alcoholic  hydro- 
chloric acid,  is  a  yellow,  crystalline  precipitate.  Washed  with  alcohol 
and  dried  in  a  vacuum,  the  substance  was  found  not  to  melt  below 
250°,  and  gave  the  following  result  on  analysis  : 

0-1044  gave  0-0113  CrgOg.     Cr  =  6-31. 

(Oo3H^803N'2)2,H2Cr04  requires  Cr  =  6'04  per  ceLt. 

Diacetylchrysophenol  platinichloride  was  prepared  by  adding  hydrogen 
platinichloride  to  a  warm  solution  of  the  base  in  alcoholic  hydrochloric 
acid.  It  is  a  brownish-yellow,  crystalline  powder  which,  after  washing 
with  alcohol  and  drying  in  a  vacuum,  was  analysed  : 

0-1901  gave  00310  Pt.     Pt=16-3. 

(C23Hjg03N2)2,H2PtClg  requires  Pt=  16-8  per  cent. 

Benzoylation  of  Chrysophenol. 

On  benzoylating  chrysophenol  in  caustic  soda  solution,  according  to 
the  Schotten-Baumann '  method,  a  non-crystalline  product  was  ob- 
tained. The  alcoholic  solution,  when  poured  into  water,  yielded  a 
yellow,  gummy  mass  ;  when,  however,  the  alcoholic  solution  was  poured 
into  a  strong  solution  of  potassium  chromate,  a  bright  yellow,  flocculent 
precipitate  was  formed,  which,  washed  with  alcohol  and  dried  in 
a  vacuum,  gave  results  agreeing  with  the  composition  of  a  chromate 
of  dihenzoylchrysophenol. 

0-1133  gave  0-0080  Qvf>^.     Cr  =  4-8. 

(033H2^03No)2,H2Cr204  requires  Or  =  4-7  per  cent. 

Action  of  Dimethyl  Sulphate  on  Diacetylchrysophenol. 

A  mixture  of  diacetylchrysophenol  and  considerable  excess  of 
dimethyl  sulphate  was  gradually  warmed  to  nearly  the  boiling  point 
in  a  reflux  apparatus,  the  heating  being  continvied  for  two  hours.  A 
striking  colour  change  occurred,  the  beautiful  brilliant  green  fluor- 
escence first  produced  gradually  disappearing  and  the  melt  assuming  a 
magnificent  crimson  shade.     After  cooling,  the  mass  was  dissolved  in 
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hot  water  and  boiled  for  one  hour  with  an  equal  bulk  of  4i\^-sulphuric 
acid.  On  exact  neutralisation  of  the  fine  red  solution,  a  brown,  floc- 
culent  precipitate  was  produced  ;  this  proved  to  be  soluble  not  only  in 
excess  of  acid  but  also  of  alkali.  The  substance,  after  collection, 
washing,  and  drying,  was  nearly  black ;  by  extraction  with  boiling 
alcohol,  addition  of  water,  and  slow  evaporation,  a  deep  red,  crystalline 
deposit  was  formed,  which,  after  drying  at  100°,  gave  the  following 
results  on  analysis  : 

0-1140  gave  0-3312  CO2  and  0-0550  HgO.     0  =  792;  H  =  5-36. 

0-1089     „     9-6  c.c.  dry  nitrogen  at  27°  and  761  mm.     N  =  9-9. 

CgoHigONg  requires  0  =  80-0  ;  H  =  5-33  ;  N  =  9-33  per  cent. 

The  analytical  numbers  point  to  an  anhydro-hase,  the  initial  solubility 
of  the  substance  in  alkali  indicates  the  probability  of  the  substance 
being  first  precipitated  as  a  carbinol  base,  the  subsequent  eliuiination 
of  water  taking  place  either  with  the  amino-group  (A')  or  the  hydroxyl 
group  (F). 

OH, 


O-SOg-OCHs 


OH 


— > 


OH 


D. 


The  new  anhydro-base  is  insoluble  in  ether,  fairly  soluble  in  acetone 
or  alcohol ;  its  deep  red  solutions  show  no  trace  of  fluorescence. 

Hydrochloride. — The  term  "hydrochloride"  is  a  misnomer;  the  dark 
red  salt  formed  on  concentration  of  a  solution  of  the  anhydro-base  ia 
dilute    hydrochloric    acid    is-  formed    by   addition    of    equimolecular 
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proportions  of  the  two  constituents  without  elimination  of  water,  but 
has  the  constitution  of  a  quaternary  ammonium  compound.  The 
ring  is  so  stable  that  to  obtain  satisfactory  results  by  the  Carius 
method  a  temperature  of  nearly  300°  was  necessary, 

0-1549  gave  0-0701  AgCl.     CI  =  10-5. 

C.^oH^gONo^^  requires  Cl  =  10-6  per  cent. 
Platinichloride. — This  yellow,  crystalline  precipitate  was  analysed  : 

0-0605  gave  0-0119  Pt.     Pt=  19-6. 

{C2oHigOISr2)H2PtCle  requires  Pt=  19-3  per  cent. 

Dichromate. — A  dichromate  is  obtained  on  addition  of  potassium 
chromate  solution  to  the  chloride ;  it  is  also  a  yellow,  crystalline 
precipitate. 

0-1085  gave  0-0203  Cr.^Og.     Cr  =  12-8 

(C2oH^,jON2),,H2Cr207  requires  Cr  =  12-8  per  cent. 

In  conclusion  we  desire  to  express  our  thanks  to  Mr.  R.  O'P, 
Oakley  for  most  useful  assistance. 

East  Ham  Technical  College.  East  London  College. 


CXLIV. — The  Relation  of  Position  Isomerism  to  Optical 
Activity.  VII.  The  Rotation  of  the  Menthyl 
Esters  of  Three  Isomeric  Dinitrohenzoic  Acids. 

By  Julius  Berend  Cohen  and  Henry  Percy  Armes. 

The  menthyl  esters  which  were  selected  for  investigation  were  those  of 
the  2:4-,  2  : 6-,  and  3  : 5-dinitrobenzoic  acids,  which  were  prepared 
from  the  corresponding  acid  chlorides  by  heating  them  with  menthol 
in  the  manner  described  in  former  papers. 

The  following  are  the  constants  of  the  compounds  in  question  : 

In  benzene  sohition. 

M.  p.  of  M.  p.  of  . ■ > 

acid  chloride,  ester.  \°-Tf-  [M]'u'"- 

2:4 42—46°  69—71°  -134°  -470° 

2:6 96—98  121—123  -183  -642 

3:5 66—68  153-154  -70  -246 

In  a  previous  communication  on  this  subject  (Trans.,  1905,  87, 
1190),  it  was  shown  that,  of  the  three  mono-nitro-esters,  the  ortho- 
compound   produced  the  greatest  effect  in  increasing  the  Isevorotation 
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and  the  para-  the  least,  whilst  the  meta-compound  occupied  an  intei'- 
mediate  position.  The  present  experimental  results  fully  confirm  our 
former  observations.  The  di-ortho-compound  exhibits  the  highest  and 
the  di-meta- the  lowest  rotation  of  the  three  esters  examined,  whilst 
the  compound  which  contains  one  nitro-group  in  the  ortho-  and  one 
in  the  para-position  has  a  constant  which  is  nearly  the  mean  of  the 
other  two.  Attention  should  be'drawn  to  the  interesting  fact  that  the 
rotation  of  the  di-meta-compound  is  \erj  little  different  from  that  of 
the  unsubstituted  benzoic  ester. 

Although  similar  observations  have  been  made  before,  the  large 
rotational  effect  of  the  nitro-group  in  the  ortho-position  renders  the 
present  result  more  striking.  The  results  of  the  study  of  the  seven 
isomeric  series  of  substituted  benzoic  esters  which  have  been  laid 
before  the  Society  furnish  abundant  evidence  that  it  is  only  the  sub- 
stitucnt  near  the  active  group  which  materially  influences  its  activity. 
The  only  apparent  anomaly  is  presented  by  the  three  iodobenzoic 
esters.  Unfortunately,  the  difficulty  of  preparing  other  isomeric  series 
of  substituted  benzoic  acids  containing  iodine  I'enders  the  optical  study 
of  their  esters  very  troublesome. 

EXPEKIMENTAL. 

Menthyl  2  :  i- Dinitrohenzoate. — The  2  :  4-dinitrobenzoic  acid  which 
served  for  these  experiments  was  obtained  from  Kahlbaum.  It  was 
converted  into  the  acid  chloride  in  the  usual  way  by  heating  it  with  an 
equal  weight  of  phosphorus  pentachloride  on  the  water-bath.  After 
removal  of  the  oxychloride  by  distillation  under  diminished  pressure, 
the  solid  residue  was  crystallised  from  light  petroleum.  It  forms 
colourless  needles  (m.  p.  42 — 46°).  The  action  of  the  acid  chloride  on 
menthol  began  at  140°,  and  when  the  process  was  completed  the  product 
was  made  alkaline  and  distilled  in  steam  to  remove  any  free  menthol. 
The  ester  was  crystallised  from  alcohol  and  melted  at  69 — 71°.  The 
following  are  the  polarimetric  observations  in  benzene  solution  at 
different  concentrations  : 

Concentration, 

percent.  Rotation.  [a]20°.  [M]2o°. 

31-148  -81-48°  -\ZQ-n°  -458-16' 

15-57  -42-00  -134-84  -472-34 

7-78  -21-37  -137-21  -480-65 

Mean  of  [M]^»°  -  470°. 
On  analysis  : 

0-3104  gave  21-5  c.c.  moist  nitrogen  at  15°  and  750-5  mm.    N  =  8-05. 
C^^HggOgNg  requires  N  =  8-0  per  cent. 

Menthyl    2  :  6-I>iniirobenzoate. — The    preparation    of    2  :  6-diniti'o- 
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benzoic  acid  in  any  quantity  is  a  very  troublesome  operation.  After 
several  trials,  the  method  which  was  adopted  was  to  heat  2  :  6-dinitro- 
tolueno  in  sealed  tubes  for  twelve  hours  at  125—130°  with  nitric 
acid,  consisting  of  2  volumes  of  strong  acid  of  sp.  gr.  1-4  and  1  volume 
of  water.  On  account  of  the  large  quantity  of  gas  libei-ated  during 
oxidation,  it  is  necessary  to  release  the  pressure  occasionally  by  opening 
the  tubes.  The  yield  is  always  very  poor  and  the  crude  acid  very 
much  discoloured.  The  product  melted  at  198 — 203°,  and,  after 
repeated  crystallisation  from  water  with  the  addition  of  charcoal,  Avas 
obtained  colourless  and  melted  at  201 — 203°,  Fourteen  grams  of 
dinitrotoluene  gave  about  3  grams  of  impure  acid.  The  small  yield 
necessitated  frequent  repetitions  of  the  process  in  order  to  obtain  the 
requisite  quantity  of  material.  The  acid  chloride  was  prepared  by  the 
usual  method,  and  after  crystallisation  from  light  petroleum  melted  at 
96 — 98°.  On  heating  the  latter  with  menthol  in  the  oil-bath,  the 
reaction  began  very  slowly,  and  was  completed  in  two  and  a  half  hours 
at  150 — 160°.  The  treatment  of  the  product  was  the  same  as  described 
in  the  case  of  the  2  :  4-ester.  The  crude  ester  was  very  dark-coloured 
and  required  frequent  crystallisation  from  alcohol  with  the  addition  of 
charcoal  to  produce  a  pure  substance.  It  crystallises  in  prisms,  m.  p. 
121—123°. 

The  polarimetric  readings  in  benzene  solution  were  as  follows  : 


Concentration, 

per  cent. 

Eotation. 

[a]f. 

[Mir 

14-104 

-51-75° 

-183-4° 

642-5° 

7-052 

-25-76 

-1S2-7 

640-0 

3-526 

-12-96 

-183-9 

644-2 

Mean  of  [M]f  -  642°. 
On  analysis  : 

0-2557  gave  18-8  c.c.  moist  nitrogen  at  18°  and  751  mm.     ]Sr  =  8-45 
CiyH^oO^No  requires  ISr  =  8'0  per  cent. 

Menthyl  3  :  5-Dinitrobenzoate. — The  acid  was  obtained  from  Kahl- 
baum,  and  was  converted  into  the  acid  chloride  in  the  usual  way. 
After  crystallisation  from  light  petroleum  it  melted  at  66 — 68°.  The 
interaction  of  the  acid  chloride  and  menthol  began  at  100°,  and  be- 
came very  vigorous  at  110°.  The  process  was  completed  in  ten 
minutes,  when  the  contents  of  the  flask  solidified.  The  ester  crystal- 
lised from  alcohol  in  colourless  needles,  m.  p.  153 — 151°. 
,      The  polarimetric  readings  in  benzene  solution  were  as  follows  : 


Concent  ration, 

per  cent. 

Rotation. 

[«]^:'. 

[M]f. 

9-C12 

-13-47° 

-70-08° 

-245-6= 

4-806 

-6-74 

-70-1.''. 

-245-8 

2-403 

-3-40 

-70-76 

-247  9 

Mean  of  [M]'^  -246°. 
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On  analysis  : 

0-3038  gave  21-9  c.c.  moist  nitrogen  at  16°  and  744-5  mm.    N  =  8-28. 
CjK-HgoOgNo  requires  N  =  8-0  per  cent. 


APPENDIX.— By  Julius  Berend  Cohen. 

Steric    Hindrance    in    the    Interaction  of  Menthol  with  Diortho- 
substituted  Benzoyl  Chlorides. 

The  following  observations  have  been  made  incidentally  dui-ing  the 
preparation  of  a  series  of  isomeric  disubstituted  benzoic  esters  of  men- 
thol by  my  co-workers  and  myself,  and  are  now  collected  together  with 
the  object  of  furnishing  a  contribution  to  the  theory  of  "  steric 
hindrance."  Sudborough  (Trans.,  1895,  67,  587)  has  shown  that  di- 
ortho-substituted  benzoyl  chlorides  are  more  slowly  hydrolysed  than  the 
corresponding  isomerides.  In  reference  to  the  action  of  alcohols,  he 
points  out  that  "in  order  to  obtain  the  (ethereal)  salts  of  the  dioi'tho- 
substituted  acids  it  is  necessary  to  boil  the  acid  chlorides  for  some 
time  with  the  alcohol,  as  the  action  seems  to  proceed  more  gradually." 

No  actual  examples  are  quoted,  but  the  methyl  esters  of  2  :  4-, 
3  : 5-,  and  2  :  6-dibromobenzoic  acids  and  2  :  6-dinitrobenzoic  acid  are 
described  as  being  readily  obtained  from  the  acid  chlorides  and  methyl 
alcohol. 

A  more  definite  indication  of  steric  hindrance  was  apparently 
derived  from  the  behaviour  of  2:4: 6-tribromobenzoyl  chloride  and 
2:4:  G-trinitrobenzoyl  chloride,  the  methyl  ester  of  the  first  being 
obtained  by  boiling  the  chloride  "  for  some  time  "  with  methyl  alcohol, 
and  that  of  the  second  by  boiling  the  chloride  "  with  a  very  large 
excess  of  methyl  alcohol  for  some  time,"  whilst  methyl  alcohol  appeared 
to  leave  2:3:4:  6-tetrabromobenzoyl  chloi'ide  to  a  great  extent 
unaltered.  On  the  other  hand,  the  methyl  ester  of  3:4:  5-tribromo- 
benzoic  acid  was  prepared  by  boiling  the  chloride  with  methyl 
alcohol  "for  a  few  minutes."  It  will  be  seen  that  the  examples  are 
not  very  numerous,  and  that  the  indications  of  steric  hindrance  are 
not  always  of  a  very  pronounced  character. 

During  the  last  few  years,  six  separate  series  of  isomeric  di- 
substituted benzoic  esters  of  menthol  have  been  prepared  for  optical 
examination  by  the  interaction  of  the  acid  chlorides  and  menthol 
(Trans.,  1903,  83,  1214;  1904,  85,  1265;  1906,  89,  49,  460).  The 
series  comprise  6  isomeric  dichloro-  and  dibromo-benzoic  esters,  10 
chloi'obromobenzoic  esters,  8  chloronitrobenzoic  esters,  and  3  dinitro- 
benzoic  esters.  In  all,  33  disubstituted  benzoyl  chlorides  have  been 
transformed  into  coi-responding  menthyl  esters. 
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It  is  impossible  to  determine  with  accuracy  the  temperature  at 
which  the  reaction  between  the  acid  chloride  and  alcohol  commences, 
but  by  carefully  watching  the  surface  of  the  liquid  and  the  outlet 
tube  of  the  flask  in  which  the  process  is  going  forward  there  is  no 
difficulty  in  ascertaining  within  a  very  few  degrees  the  visible  indica- 
tion of  its  commencement.  Bubbles  begin  to  rise  in  rapid  succession 
from  the  body  of  the  liquid,  and  fumes  of  hydrogen  chloride  escape. 

As  a  rule  the  reaction,  when  once  a  definite  temperature  is  reached, 
proceeds  vigorously ;  but  in  the  case  of  the  diortho-substituted  acid 
chloride  it  is  invariably  retarded.  Briggs  and  the  author  (Trans., 
1903,  83,  1214)  noticed  that  "evidence  of  steric  hindrance  is  very 
clearly  indicated  in  the  case  of  the  2 : 6-dichlorobenzoic  acid,  for 
whereas  the  acid  chlorides,  as  a  rule,  react  vigorously  with  menthol 
at  135 — 140°,  no  reaction  occurs  with  2  : 6-dichlorobenzoyl  chloride 
until  the  temperature  reaches  180°,  and  even  then  it  proceeds  very 
slowly."  A  similar  observation  was  made  by  Zortman  and  the  author 
(Trans.,  1906,  89,  49),  who  found  that  "as  in  former  examples  of 
diortho-acid  chlorides  the  2  :.  6-dibromobenzoyl  chloride  required  a  much 
higher  temperatui'e  for  esterification  (175 — 180°)  than  the  isomeric  acid 
chlorides,  all  of  which  react  rapidly  below  130°  with  menthol."  In 
another  paper  by  Raper  and  the  author  (Trans.,  1904,  85,  1265)  it  is 
stated  "  that  the  2  :  6-chlorobromobenzoyl  chloride,  like  the  correspond- 
ing dichlorobenzoyl  chloride,  does  not  react  with  menthol  until  a 
temperature  of  180°  is  reached."  In  other  cases  the  reaction  was 
completed  at  130 — 140°  or  below.  In  preparing  the  chloronitrobenzoic 
esters  described  by  Armes  and  the  author  (Trans.,  1906,  89,  460) 
it  was  found  that  "the  reaction  (of  the  2  :  6-acid  chloride)  with  menthol 
does  not  begin  until  the  temperature  reaches  150°,  and  then  proceeds 
very  slowly  at  150 — 160°."  In  other  cases  the  reaction  was  completed 
at  120°;  in  that  of  the  3-chloro-5-nitro-compound  at  95 — 100°.  Armes 
and  the  author  also  find  in  the  case  of  the  dinitrobenzoic  esters  that 
whereas  interaction  with  2  : 6-dinitrobenzoyl  chloride  and  menthol 
begins  at  150°  and  proceeds  very  slowly,  that  with  the  2  :  4-compounds 
begins  at  140°  and  is  rapidly  completed,  whilst  with  the  3  : 5-com- 
pound  the  reaction  set  in  at  100°  and  was  completed  in  a  few  minutes 
at  110°. 

TllR  Univkrsity, 
Leeds. 
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CXLV. —  Optically   Active   Reduced    NaiDhthoic    Acids. 
Pcirt  III.     The  Relative  Catalytic  Effect  of  Bases 
on  the  Compounds  of  A^-Dihydro-l-ncqjhthoic  Acid. 
By  Robert  Howson  Pickard  and  Joseph  Yates. 

It  has  been  shown  in  Pai^fc  I  (Trans.,  1905,  87,  1767)  that  the  tians- 
formation  of  the  sodium  salt  of  cZ-A-'dihydro-l-naplithoic  acid  to  the 
corresponding  salt  of  the  inactive  A^-acid  is  easily  followed  by  polari- 
metric  observations,  and  proceeds  in  the  presence  of  sodium  hydroxide 
as  a  unimolecuiar  reaction.  An  alteration  in  the  concentration  of  the 
sodium  hydroxide,  or  its  replacement  by  another  base,  causes  an  altera- 
tion in  the  velocity  of  the  change,  and  thus  the  transformation  afEords 
a  method  of  comparing  the  strength  of  bases  as  regards  this  particular 
reaction. 

The  molecular  rotatory  power  of  the  sodium  salt  in  1'3  to  1'5  per 
cent,  aqueous  solution  is  approximately  the  same  as  that  of  the 
potassium  salt,  and  it  is  probable  that  each  is  fairly  completely  ionised 
at  this  concentration. 

The  fii'st  series  of  experiments  was  carried  out  with  this  concentra- 
tion of  the  sodium  salt  at  30°  in  solutions  of  varying  concentrations  of 
different  bases.  The  velocity  of  the  transformation  is  approximately 
proportional  to  the  hydroxyl  ions,  but  is  probably  changed  slightly  in 
some  cases  by  an  alteration  in  the  state  of  ionisation  of  the  optically 
active  reagent. 

1        G 
Thus  the  velocity  constant,  A''=-log— ^,  obtained  in  JS^/i  sodium 

t        C't 

hydroxide,  was  0"0225,  whilst  in  i\^/10  sodium  hydroxide  the  value 
obtained  was  0*00749,  whereas  if  the  velocity  of  the  transformation 
were  proportional  to  the  concentration  of  hydroxyl  ions,  the  value  in 
the  second  case  should  be  slightly  greater  than  2/5 ths  of  0-0225, 
since  these  solutions  of  sodium  hydroxide  are  almost  completely 
ionised.  But  if  we  compare  two  solutions,  which  contain  different 
concentrations  of  hydroxyl  ions,  but  the  same  concentration  of  sodium 
ions,  the  velocity  constants  are  then  proportional  to  the  concentration 
of  the  hydroxyl  ions.  Thus  the  velocity  constant  of  the  transforma- 
tion when  carried  out  in  iVyi  sodium  hydroxide  +  A^/i  sodium  chloride 
is  0-0234,  and  when  carried  out  in  iV^/10  sodium  hydroxide  -hiiV/lO 
sodium  chloride  is  0-00931. 

The  following  table  of  results  shows  that  as  regards  the  catalytic 
effect  on  the  transformation  of  sodium  A^'^'^^'-dihydro-l-naphthoate 
the  hydroxides  of  the  alkali  metals  are  somewhat  weaker  than  those  or 
the   alkaline   earths,   but  are  slightly  stronger  than  the  tetra-alkyl 
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ammonium  hydroxides.  The  relative  strength  of  the  bases  as 
measured  by  the  reiults  obtained  differ  somewhat  from  the  relative 
electrical  conductivity  of  the  same.  This  we  attribute  mainly  to  the 
effect  of  the  base  on  the  degree  of  ionisation  of  the  sodium  salt.  In 
this  connection  it  may  be  pointed  out  that  the  alteration  in  the  value 
of  the  velocity  constant  with  varying  concentrations  of  the  base  is  pro- 
portionally the  same  in  the  case  of  solutions  of  potassium  and  barium 
hydroxides,  which,  according  to  their  electrical  conductivities,  are  ionised 
to  approximately  the  same  extent. 

Couceutratiou  of  hydroxide. 


NI2. 

Sodium  hydroxide 0'0530 

Potassium     ,,        0"0550 

Lithium 

Calcium 

Strontium 

Barium 

Tetramethylammonium 

hydroxide    

Te  traethylam  monium 

hydroxide    

Tetra-?i-propylammonium 

hydroxide    


NIL 
0-0225 
0-0239 
0'0257 


Njb. 
00179 


0-0362     0-0277 


0-0181        — 


0-0210 


Ayio. 

0'00749 
0-00769 


0-0121 
0-0113 


i\720.         iV725. 


0-00467 
0-00528 


0-00468 
0-00364 


—        0-0141 


A  point  of  some  interest  is  that  the  velocity  of  the  transformation 
of  the  c?-sodium  salt  is  identical  with  that  of  the  ^-sodium  salt  ;  thus, 
in  Ay  10  strontium  hydroxide  the  velocity  constant  of  the  transforma- 
tion of  the  ^-salt  is  O'OllS,  whilst  that  of  the  c^-salt  is  0-0121.  These 
results  are  almost  identical,  and  represent  the  usual  divergence  of 
duplicate  experiments,  Avhich  is  not  greater  than  3  per  cent. 

Some  experiments  made  with  dilute  alcoholic  solutions  of  sodium 
hydroxide  show  that  the  velocity  constants  are  greater  in  these  solu- 
tions than  in  water.  Here,  however,  this  is  possibly  due  not  only  to 
the  influence  of  the  alcohol  on  the  degree  of  ionisation  of  the  optically 
active  salt,  but  also  to  the  influence  of  the  medium.  The  influence 
of  concentration  of  the  sodium  salt  on  the  velocity  of  the  transforma- 
tion is  proportionally  the  same  in  50  per  cent,  alcohol  as  in  water, 
whilst  in  solutions  of  varying  alcoholic  strength  and  the  same  con- 
centration of  sodium  hydroxide  the  velocity  constants  increase  rapidly 
in  value  as  the  concentration  of  the  water  decreases. 

Sodium  chloride  exerts  an  accelerating  influence  on  the  rate  of  trans- 
formation in  the  presence  of  sodium  hydroxide,  as  will  be  seen  from 
the  following  table  : 

In  Nji  NaOH,  ^=0-0225  ; 

In  Nji  NaOH-Fi\^/4  NaCl,  /i  =  0-0234  ; 

In  A74  NaOH-hiy/2  NaCl,  A'=  0-0264. 

This  accelerating  influence  of  sodium  chloride  is  difiicult  to  explain, 
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but  is  analogous  to  its  influence  on  the  velocity  of  the  catalytic  hydro- 
lysis of  methyl  acetate  by  hydroxides  (compare  Reicher,  Annalen,  1885, 
228,  257,  and  Arrhenius,  Zeit.  physikal.  Chem.,  1887,  1,  110).  It 
is,  however,  in  marked  contrast  to  a  case  studied  by  Koelichen  (Zeit. 
physikal.  Ghent.,  1900,  33,  129),  where  the  velocity  of  the  condensation 
of  acetone  to  diacetone  alcohol  in  the  presence  of  hydroxyl  ions  as 
catalyser  is  retarded  by  most  neutral  salts,  including  sodium  chloride, 
but  is  accelerated  by  potassium  sulphate. 

The  catalysing  effect  of  various  amino-bases  on  this  transformation 
has  been  compared  in  JVji  aqueous  solution.  It  is  of  interest  to  note 
that  the  comparison  shows  that  the  amines  (with  one  or  two  excep- 
tions) differ  in  their  catalytic  effect  in  much  the  same  degree  as  their 
dissociation  constants  (compare  Bredig,  Zeit.  physikal.  Chem.,  1894, 
13,  290),  that  is,  in  general  in  the  fatty  series  the  tertiary  amines 
are  weaker  than  the  secondary  amines  containing  the  same  alkyl 
radicles,  but  are  about  of  the  same  strength  as  the  corresponding 
primary  amines. 

The  following  table  shows  the  relation  between  the  velocity  con- 
stants recorded  in  this  paper  and  the  dissociation  constants  of  Bredig. 
The  value  for  piperidine  is  put  equal  to  100  in  each  case  : 

Velocity  constant  of  Dissociation 

tho  tiansforraation.  constant. 


Methylamine    23 

Dimethylaniine    70 

Trimethylamiue  30 

Ethylamine  20 

Diethylamine  34 

Triethylamine •  13 

Propylamine     22 

isoPropylamine    14 

isoButylamine 14 

icri -Butylamine 12 

Allylaniine    5 

Piperidine 100 


9  31-6 

1  46-8 
9  4-7 

2  34-9 

3  79-7 
3  40-5 
0  29-7 

6  33-5 
2  19  6 

7  20-2 
9  3-6 
0  1000 


Here  again  the  differences  may  be  ascribed  in  all  probability  to  the 
influence  of  the  base  on  the  ionisation  of  the  active  sodium  salt,  and 
the  mechanism  of  the  transformation  may  be  further  complicated  in 
some  cases  by  the  formation  of  the  less  soluble  salt  of  the  organic 
base.  The  results,  therefore,  are  not  strictly  comparable.  This  com- 
plication suggested  further  experiments  in  which  an  ester  was  used  in 
place  of  the  sodium  salt,  and  it  seemed  of  interest  to  investigate 
further  the  action  of  some  secondary  amines  on  the  transformation,  as 
it  is  well  known  that  some  of  these,  notably  piperidine  and  diethyl- 
amine,  have  a  marked  catalytic  effect  on  many  organic  reactions! 
(especially  condensations). 

Preliminary  experiments  showed  that  the  velocity  of  the  transforma- 
tion of  the  piperidine  salt  of  the  active   A'^-acid  when  dissolved  in  a 


REDUCED  NAPHTHOIC  ACIDS.   PART  III.        1487 

benzene  solution  of  piperidine  (iV/4)  was  about  sixteen  times  greater 
than  that  of  the  sodium  salt  dissolved  in  a  corresponding  aqueous 
solution  of  piperidine,  and,  further,  that  the  piperidine  salt  itself  was 
fairly  rapidly  transformed  in  benzene  solution.  In  the  subsequent 
experiments  any  disturbing  influence  of  the  carboxyl  group  was 
eliminated  by  conversion  of  the  acid  into  the  corresponding  methyl 
ester.  It  was  then  found  that  the  transformation  of  the  ester  of  the 
A^-acid  to  that  of  the  A^-acid  proceeded  in  benzene  (or  chloroform) 
solution  very  much  faster  than  the  transformation  of  the  sodium  salt 
in  aqueous  solution  under  the  catalytic  influence  of  organic  bases.  It 
is  probable  that  the  transformation  of  the  ester  under  these  conditions 
is  brought  about  by  a  different  reaction.  For  in  the  first  place  the 
temperature  quotients  of  the  two  reactions  are  widely  different ;  thus 
the  temperature  quotient  for  fifteen  degrees  between  15°  and  30°  in 
the  case  of  the  ester  with  {A^llO)  piperidine  as  catalyser  is  1'4,  whilst  in 
the  case  of  the  sodium  salt  with  (xV/lO)  sodium  hydroxide  as  catalyser  it 
is  6  2.  Again,  the  effect  of  varying  the  concentration  of  the  catalyser 
is  different  in  the  two  cases;  thus,  comparing  the  effect  of  piperidine  on 
the  transformation  of  the  ester  in  benzene  with  the  effect  of  barium 
hydroxide  on  the  transformation  of  the  sodium  salt  in  water,  we  found 
that  the  velocity  constants  in  the  first  case  were  as  5  :  15  :  38  and  in 
the  second  case  were  as  5  :  11  :  28,  when  the  concentrations  of  the 
catalysers  were  as  1  :  2  :  4. 

It  is  also  interesting  to  note  that  the  relative  catalytic  effect  of 
mono-,  di-,  and  tri-ethylamine  in  the  two  cases  is  quite  different. 

We  have  not  investigated  the  effect  of  the  medium  on  the  velocity 
constants  except  in  one  case,  where  we  found  that  the  transformation 
proceeded  ten  times  faster  in  benzene  than  in  chloroform. 

In  Part  I  (loc.  cit.),  an  attempt  is  made  to  explain  the  course  of  the 
transformation  of  the  A--acid  to  the  A^-acid  by  assuming  the  addition 
of  the  elements  of  water  and  the  subsequent  elimination  of  water  in  a 
manner  so  as  to  leave  the  double  linking  in  the  A^-position.  Similar 
explanations,  which  can  be  extended  to  instances  of  catalysis  by  a 
primary  or  secondary  amine,  are  very  frequently  adopted  in  organic 
chemistry,  but  in  the  case  of  the  ester,  where  some  tertiary  amines 
have  an  enormous  catalytic  effect  on  its  transformation,  such  an 
explanation  (even  with  the  assumption  of  a  temporary  penta valency  of 
the  nitrogen  atom)  is  hardly  possible. 

Experimental. 

The  sodium  salt  of  the  (Z-A'-'"'"-dihydro-l -naphthoic  acid  required 
for  this  work  was  prepared  as  described  in  Part  I  {loc.  cit.).  It 
was,  however,  discovered   that,   whilst  the  racemic   acid  was  readily 
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soluble  in  cold  petroleum  (b.  p.  60 — 70°),  the  dextro-acid  was  almost 
insoluble.  It  was  therefore  preferable  to  obtain  the  pure  dextro-acid 
by  the  crystallisation  from  light  petroleum  of  an  acid  sepai'ated  from 
a  partially  purified  Z-menthylamine  salt.  The  yield  is  much  better 
than  that  obtained  by  the  method  given  in  Part  I  as  the  repeated 
crystallisation  of  the  menthylamine  salts  is  accompanied  by  great 
loss  of  material.  In  this  way  it  is  also  easy  to  prepare  the  pure  Isevo- 
acid.  A  number  of  mother  liquors  from  several  preparations  of  the 
Z-menthylamine  salt  of  the  dextro-acid  was  concentrated  and  allowed 
to  stand  at  0°  for  several  days.  From  the  oily  mass  a  small  crop  of 
crystals  separated.  These  had  [ajo  in  alcohol  -90°  (the  pure[Z-f-Z] 
salt  would  have  [a]i,  about  130°).  The  acid  obtained  from  this  salt 
after  two  crystallisations  from  light  petroleum  yielded  the  pure  Isevo- 
isomeride  in  the  form  of  beautiful,  long,  lustrous  needles  melting  at 
103°.     The  specific  rotation  was  determined  in  chloroform  : 

0-3185  made  up  to  20  c.c.  gave  -6-77°  in  a  1-dcm.  tube;  whence 
[a]i>  -212-55°. 

A  mixture  of  equal  parts  of  this  acid  and  the  dextro-isomeride  was 
readily  soluble  in  cold  petroleum,  whilst  the  crystals  left  after  the 
solvent  had  evaporated  melted  at  89°.  The  sodium  salts  of  both  the 
active  isomerides  are  far  less  soluble  in  anhydrous  alcohol  than  that  of 
the  racemic  acid,  so  that  a  further  purification  is  effected  in  the  last 
stage  of  the  preparation  of  the  material. 

Methyl  Ester. — The  methyl  ester  was  prepared  by  the  action  of 
methyl  iodide  on  the  silver  salt.  It  is  a  mobile  oil,  boiling  without 
decomposition  at  160°  under  12  mm.  pressure.  The  preparation  had  a 
high  positive  rotation,  but  as  it  was  prepared  from  a  specimen  of  sodium 
salt  which  was  not  quite  free  from  racemate,  the  actual  value  is  not 
recorded  here. 

Determinations  of  the  Velocity  of  the  Transformation. — The  velocity 
constants  were  calculated  from  the  equation  for  unimolecular  re- 
actions, K=  l/t\og  Co/ct,  and  were  determined  by  polarimetric  observ- 
ations made  in  a  jacketed  tube  round  which  circulated  water  coming 
from  a  reservoir  of  constant  level  and  passing  through  a  long  copper 
coil  immersed  in  a  thermostat.  For  each  determination  about  0  27  to 
0  3  gram  of  the  sodium  salt  (or  methyl  ester)  in  20  c.c.  of  the  solvent 
was  used,  a  concenti-ation  which  gives  an  initial  rotation  of  nearly  6°. 
The  first  few  readings  often  gave  eiTatic  values,  which  were  discarded. 
The  polarimeter  gave  readings  accurate  to  +0-01°,  so  that  numerous 
values  of  the  constants  could  be  obtained. 

Two  examples  of  the  results  thus  obtained  are  given,  the  remainder 
being  tabulated  below  : 
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Table  I. 

In  iy74Ba(OH)2 

at  30°. 

Time  in  hours. 

Rotation. 

K. 

0-0 

5-16° 

— 

2  0 

4-41 

0-0341 

2-5 

4-21 

0-0354 

3-0 

4-02 

0-0361 

3-.'. 

3-88 

0-0354 

4-0 

3-71 

0-0341 

4-3 

3-60 

0-0360 

4-7 

3 -52 

0-0356 

5-0 

3-41 

0-0360 

.5-3 

3-29 

0-0367 

C>-7 

3-23 

0-0359 

6-3 

3-09 

0-0356 

6-7 

2-98 

0-0358 

8-6 

2-48 

0-0369 

9-2 

2 -.34 

0-037.'> 

9-8 

2-24 

0-0370 

23-3 

0-73 

0-0365 

oo 

000 

— 

Table  II. 
In  lAyiC^Hg-NH,  at  30°. 


Mean  ^=0-0301. 


Time  in  hours.  Rotation. 


101 
107 
118 
166 


-20° 

•96 

-83 

"57 

•45 

•32 

•05 

•92 

•82 

•62 

•52 

•44 

-27 

■18 

-07 

•90 

•35 

-00 


K. 

■00202 
-00209 
•00213 
-00202 
•00206 
•00215 
•00216 
■00212 
•00209 
•00213 
•00206 
•00205 
■00201 
•00206 
•00207 
•00202 


Mean  A'=0  •00208. 


Table   III. 


Catalysis  oj  Sodium  ^-^''^'^^-Dihydronajihtlioate. 


Concentra- 
tion of 
Cat'ilyser.  catalyser. 

KaOlI    NI-2 

Nji 

Ayio 

KOH i\72 

„   ^74 

„   ^75 

,,  i\7io 

LiOH    i\74 

CafOH)2    i\V25 

Sr(OH).,     iV/lO 

„    '* ivyio 

i\720 

Ba(0H)2    i\75 

^710 

i\720 

i\725 

Tetramethyl  iimmon- 

ium  hydroxide Nj^ 

Tctractliyl      ammon- 

^  ium  hydroxide A74 

Tetrai)ro]iyl    ammon- 
ium hydroxide iV74 

NaOll    A74 

Nl^ 

i\74 

, A72 


Velocity  constant  K. 


Solvent. 
Water 


Temp, 
30° 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 

30 


25  %  alcohol 
fiO  %      „ 

75  %      „ 
50  %      „ 


30 

30 
30 
30 
30 
30 


■^0.  of 
values. 

16 

16 

14 

13 

22 

12 

16 

20 

21 

11 

10 

19 

18 

20 
6 

14 


11 
8 

13 
20 
17 


Highest. 
0-0545 
0^0236 
©■00767 
©■0557 
0  ■0^246 
0-0184 
0-00784 
0-0268 
0-00480 
0-0126 
0^0124 
0-00477 
0-0-293 
0-0118 
0-00587 
0-00374 


0-0144 
0  0226 
0  0320 
0-0730 
0-0790 


Lowest.    Mean. 


11  0-0187      0 

12  0-0208      0 


-0514 

0^ 

•0217 

0^ 

■00723 

0- 

■0536 

Q- 

■0231 

Q-( 

■0172 

Q- 

■00743 

0- 

■0244 

Q- 

■00455 

Qi 

■0118 

©• 

•0111 

0^( 

•00454 

o-( 

■0264 

0-( 

■0110 

Q-( 

•00502 

o-( 

•00351 

©•( 

•0175 

©■( 

■0193 

Q( 

•0134 

0-( 

•0212 

©•( 

•0299 

0^( 

■0674 

0^( 

0757 

0^( 

"With  the  laivo-salt. 


5  F  2 


0530 

0225 

00749 

0550 

0239 

0179 

00769 

0257 

00468 

0121 

0118 

00467 

0277 

0113 

00528 

00364 

0181 

0201 

0141 
0219 
0306 
0700 
0773 
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Table  III  (continued). 

Catalysis  of  /Sodium  ^-  '•"''  '^''-DihydronajyJithoate. 

Velocity  constant  K. 
Concentra- 
tion of 
Catalyser.  catalyser. 

NaOH   iV/4 

„         m 

i\710    A 

i\7io 

Mcthylamine    iV/4 

Dimethylamine    JV74 

Trimethylamine  iV/4 

Ethylaniine  iV74 

Diethylamiiie  Nj^ 

Triethylaminc .A74 

Propylamine     i\74 

tsoPropylainine    i\74 

Allylaniine  NjA. 

?i-Biitylamine  iV/4 

iS'jButylamine iV/4 

te?-<.  -Butj'laniine iV74 

Piperidine    i\74 

Ammonia  in  Nj^  aqueous  solution  has  a  very  small  catalytic  effect, 
the  velocity  constant  obtained  being  0"00015.  This  value  is,  how- 
ever, only  approximate,  as  the  solutions  of  the  sodium  salt  in 
ammoniacal  solution  turn  brown  at  the  end  of  a  fortnight.  Aqueous 
pyridine  (^^4)  does  not  induce  the  transformation  of  the  sodium  salt, 
nor  pyridine  in  benzene  solution  that  of  the  methyl  ester. 

Catalysis  of  Methyl  hr^°'''^^-Dihydro-\-naphthoate. — The  experiments 
with  the  ester  were  carried  out  as  with  the  sodium  salt,  except 
that  in  some  cases  the  times  were  taken  in  minutes,  owing  to  the 
speed  of  the  transformation.  In  each  such  case  the  constants  have 
been  multiplied  by  sixty,  to  be  comparable  with  the  other  constants. 
The  amount  of  amine  used  in  the  formation  of  amide  was  very  small 
durinsr  the  time  over  which  the  observations  extended. 


No.  of 

^ 

Solvent. 

Temp. 

values. 

Highest. 

Lowest.    Mean. 

i\72XaCl 

30° 

9 

0-0269 

0-0252     0-0264 

iV/4NaCl 

30 

14 

0-0242 

0-0223     0-0233 

iV/lOXaCl 

30 

10 

0-00942 

000913  0-00926 

Water 

15 

8 

0-00138 

0-00121  0-00129 

30 

11 

0-00256 

0-00237  0  00247 

30 

24 

0-00745 

0-00717  0-00723 

30 

13 

0-003.34 

0-00.308  0-00319 

30 

16 

0-00216 

0-00201  0-00208 

30 

14 

0-00368 

0-00346  0-00355 

30 

13 

0-00140 

0-00127  0-00135 

30 

15 

0-00232 

0-00219  0-00227 

30 

14 

0-00160 

0-00146  0-00151 

30 

18 

0-00063 

0-00058  0-00061 

30 

13 

0-00206 

0-00190  0-00198 

30 

17 

0-00156 

0-00140  0-00147 

30 

16 

0-00137 

0-00123  0-00131 

30 

12 

0-0108 

00099     0-0103 

Table  IV. 

Percentage  of  ester 

converted  to  amide     Velocity  constant  K. 
Concentra-  during  tlie  <-  ''  ■. 

tion  of  observa-    No.  of 

Catalyser.     catalyser.  Solvent.  Temp,  tions.      values.  Highest.  Lowest.    Mean 
isoPropylamine    i\710      Benzene      30°     7  %  in        10 

2  hours 


iV/10    Chloroform   30 

Triethylamine      iV/10       Benzene      30 

dried  with 

CaClo 

,,  iV/10      Benzene      30 

dried  with 

P.p., 


26  %  in 
40  hours 


8 
11 

11 


0-193       0-167 

0-0178     0-0156 

0-786       0-741 


0-179 

0-0165 

0-754 


0-798       0-750      0- 
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Table  IV  (continued). 


Perc 

entage  of 

ester 

Concentra 
tioii  of 

converted  to  amide     Velocity  constant  K 

observa- 

No.  of 

> 

Catalyser. 

catalyser. 

Solvent. 

Temp,  tions. 

values. 

Highest. 

Lowest. 

Mean. 

Tripropylamine    N/IO 

Benzene 

30° 

— . 

15 

0144 

0-121 

0-135 

;>-Toluidiiie   . 

.    J\7io 

30 

Approximate  mean  K     = 

0-007 

Piperidiue .... 

.     iV/lO 

30 

6  %  in 
13  mins. 

16 

4-202 

3-138 

3-831 

„ 

..     iV/lO 

15 

7  %  in 
21  mins. 

20 

2  790 

2-478 

2-634 

„ 

..     iV720 

30 

3  %in 
42  mins. 

22 

1-596 

1-398 

1-496 

,,          — 

..     NJ4.0 

30 

1  %.in 
SO  mins. 

11 

0-516 

0-476 

0-493 

Ethylamine  . 

..     i\^/10 

30 

7  %  in 
SO  mins. 

14 

0-305 

0-277 

0-283 

Diethylamine 

..     N/IO 

30 

5  %in 
80  mius. 

17 

0-777 

0-716 

0-749 

The  authors'  thanks  are  due  to  the  Research  Fund  Committee 
of  the  Society  for  a  grant  which  has  defrayed  much  of  the  cost  of 
this  investigation. 

Municipal  Technical  School, 
Blackburn. 


CXLVI. — Estimation  of  Cop2Jer  by  Titanium  Trichloride. 

By  EzEA  LoBB  Rhead. 

For  the  quantitative  estimation  of  copper,  both  gravimetric  and 
volumetric  methods  ai-e  commonly  employed.  Of  the  former,  the 
electrolytic  process  is  that  more  generally  adopted.  It  has  the 
advantage  of  being  applicable  in  the  presence  of  iron  and  some  other 
metals,  thus  necessitating  less  previous  separation  than  most  of  the 
other  gravimetric  methods. 

The  solution,  however,  requii-es  careful  preparation  and  the  adjust- 
ment of  the  current  strength,  size  of  cathode,  strength  of  solution, 
temperatux'e,  and  some  other  details  demand  special  experience  and  . 
skill  in  order  to  secure  the  best  results.  The  precipitation  is  usually 
incomplete,  and  the  last  traces  of  copper  have  to  be  estimated  colori- 
metrically.  In  works  where  many  analyses  are  conducted  at  one  time, 
much  platinum  is  required,  thus  greatly  increasing  the  prime  cost. 

Of  the  volumetric  processes  the  iodide  method  is  the  one  usually 
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admitted  to  be  the  best  and  is  very  generally  adopted,  although  in 
some  laboratories  the  cyanide  process  still  survives.  The  difficulty  of 
obtaining  accurate  results  with  the  latter  is,  however,  well  known. 

The  iodide  method  is  an  excellent  way  of  estimating  copper  under 
well-known  and  sharply- defined  conditions,  and  yields  good  results. 
In  addition  to  the  care  required  in  the  preparation  of  the  copper 
solution,  the  preparation  of  the  starch  solution  and  the  amount  added 
influence  the  result  and  the  ease  with  which  the  end  reaction  is 
obtained.  The  necessity  of  maintaining  the  solution  cold  throughout 
the  titration  is  sometimes  overlooked,  and  there  may  be  a  loss  of  iodine 
and  consequent  reduction  in  the  amount  of  copper  found. 

The  determination  of  the  end  reaction  also  requires  much  practice, 
and  the  probabilities  of  the  return  of  the  blue  colour  after  being 
discharged  by  thiosulphate  cannot  be  calculated,  nor  can  it  in 
many  cases  be  prevented. 

Quite  i-ecently,  Gerlinger  (Zeit.  angew.  Chem.,  1906,  19,  520)  has 
called  attention  to  these  difficulties,  which  he  ascribes  to  the  pre- 
cipitated cuprous  iodide.  He  recommends  the  addition  of  a  sufficient 
amount  of  potassium  iodide  to  dissolve  the  precipitate,  but  the  amount 
of  iodide  required  for  the  purpose  is  in  all  cases  very  great,  and  in 
dilute  solutions  exceedingly  so.  In  some  estimations  made  by  the 
author  one  gram  of  copper  sulphate  was  dissolved  in  200  c.c.  of  water, 
and  portions  of  5  c.c.  =0*025  gram  taken.  These  were  titrated  with  a 
solution  of  potassium  iodide  containing  100  grams  per  litre.  Three 
determinations  of  the  amount  required  to  obtain  a  perfectly  clear 
solution  gave  73*5  c.c,  73 "8  c.c,  and  74  c.c.  respectively;  equal  to 
1158  times  the  weight  of  copper  in  the  solution.  In  stronger  solutions 
less  is  required. 

The  method  of  estimating  copper  described  in  this  paper  is  free  from 
these  drawbacks  and  is  equally  accurate.  It  consists  in  reducing  an 
acid  solution  of  a  cupric  salt  to  which  potassium  thiocyanate  has  been 
added  by  means  of  titanium  trichloride,  a  powerful  reducing  agent 
introduced  by  Knecht  in  1903  [Ber.,  36,  166,  1549).  The  behaviour 
of  the  solution  is  somewhat  peculiar.  Cupric  thiocyanate  is  formed, 
but  remains  in  solution,  forming  a  brownish-coloured  liquid. 

On  adding  pure  titanium  trichloride  to  the  solution  this  colour  is 
discharged,  cuprous  thiocyanate  being  precipitated,  and  a  colourless,  or 
nearly  colourless,  solution  remains.  The  end  reaction  is  reached  too 
gradually  to  be  easily  distinguished.  If,  however,  a  ferric  salt  be 
added  to  the  solution,  a  deep  red  coloration  is  produced  with  the  excess 
of  thiocyanate  and  persists  until  the  whole  of  the  copper  salt  has  been 
reduced  to  the  cuprous  state  and  precipitated.  The  red  coloration  is 
ultimately  discharged  by  excess  of  titanium  trichloride,  showing  that 
under  the  conditions  of   the  experiment  the  copper  was  first  affected. 
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Experiment  showed  that  ferrous  salts  reduce  cupric  salts  to  the  cuprous 
state  very  readily  in  acid  solutions,  and  the  amount  of  the  reagent 
consumed  was  the  same  with  or  without  the  addition  of  ferrous  com- 
pounds ;  the  quantity  of  titanium  trichloride  required  to  reduce  the 
ferric  salt  resulting  from  the  oxidation  of  the  ferrous  by  the  cupric 
salt  is  identical  with  that  required  to  reduce  the  corresponding 
quantity  of  the  latter. 

The  determination  of  the  end  of  the  reaction  was  thus  rendered  very 
easy,  the  red  colour  of  iron  thiocyanate  being  so  pronounced.  The 
end  reaction  is  as  sharp  as  in  titrations  with  permanganate,  a  single 
drop  of  a  weak  solution  being  sufficient  to  determine  it. 

The  addition  of  the  ferrous  iron  may  be  made  to  the  solution  of 
copper  or  to  the  standard  titanium  trichloride  solution.  In  the  latter 
case,  the  addition  of  the  reagent  causes  an  increase  in  the  depth  of 
colour  in  the  copper  solution  until  near  the  end,  owing  to  the  increase 
in  the  amount  of  iron  added  with  the  reagent.  This  method  of  adding 
iron  is  somewhat  less  convenient,  but  ensures  the  whole  of  it  being 
present  in  the  ferrous  state,  since  it  is  mixed  with  the  reducing  agent. 
It  interferes,  however,  with  the  cross  standardisation  by  means  of  iron, 
since  ferrous  salts  reduce  cupric  salts.  If,  however,  the  solution  be 
standardised  with  pure  copper,  no  difficulty  is  encountered,  and  the  use 
of  two  solutions  is  avoided. 

There  is  also  an  objection  to  adding  iron  to  the  reagent  in  estimating 
small  quantities  of  copper  and  in  very  dilute  solutions,  as  so  little  iron 
may  be  added  as  to  render  the  end  reaction  indistinct. 

It  is,  therefore,  better  in  most  cases  to  use  pure  titanium  trichloride 
and  add  a  ferrous  salt  to  the  copper  solution.  At  present  the  com- 
mercial titanium  salt  contains  iron,  and  the  original  experiments  were 
made  with  this  product.  In  view  of  the  fact  that  cross  standai'disation 
was  thus  rendered  impossible,  Messrs.  Peter  Spence  and  Sons,  Ltd.,  of 
Manchester,  very  kindly  prepared  and  supplied  me  with  some  of  the 
pure  salt  free  from  iron,  so  as  to  place  the  accuracy  of  the  method 
beyond  doubt. 

In  carrying  out  the  titration,  the  usual  necessary  precautions  in  the 
use  of  the  reagent  must  be  observed,  and  the  analyses  must  be  made 
in  cold  solution.  The  solution  must  be  preserved  from  the  air  unless 
check  determinations  are  done  with  every  batch  of  estimations.  Even 
this  is  less  satisfactory  than  using  a  suitable  apparatus,  with  a 
hydrogen  generator  attached  (compare  Knecht,  J.  Soc.  Dyers,  1903, 19, 
169,  also  Sutton's  Volumetric  Analysis,  9th  ed.,  224).  The  special 
arrangement  is,  when  once  set  up,  more  simple  to  use  than  an  ordinary 
burette. 

Solutions  of  titanium  trichloride  of  various  strengths  were  used. 
The  usual  solution  was  made  by  boiling  50  c.c.  of  the  strong  solution 
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(commercial  20  per  cent.)  with  50  c.c.  of  strong  hydrochloric  acid  and 
diluting  to  two  litres.  Its  strength  corresponded  approximately  to 
0-003  gram  of  copper  per  c.c. 

The  results  obtained  were  as  follows  : 

Standardisation  hy  Iron. — Seven  grams  of  ferrous  ammonium  sul- 
phate were  dissolved  in  water  and  made  up  to  a  litx'e  (1  c.c.  =0-001 
gram  Fe).  The  solution  was  oxidised  with  potassium  permanganate 
run  in  from  a  burette. 

(1)  50  c.c.  ii-on  solution  required  19-4  c.c.  titanium  trichloride. 

\^)     ))  !»  >>  J)  iy*4:     ,,  ,,  ,, 

(")       JJ  J)  >}  5>  iJ'OO,,  ,,  ,, 

Mean 19-38 

Fe  equivalent  =  -.q.oo  =  0-00258  gram. 

Copper  Solution. — Recrystallised  copper  sulphate  equal  to  0  99765 
gram  of  copper  was  weighed  out  and  made  up  to  a  litre. 

Potassium  Thiocyanate  Solution. — One  hundred  grams  of  the  salt  were 
dissolved  and  made  up  to  a  litre.  From  10  to  20  c.c.  were  added  to 
each  titration. 

(1)  50  c.c.  copper  solution  required  17'00  c.c.  titanium  trichloride. 

(2)  ,,         5,  ,,  J,  17-05  ,,  ,,  ,, 

(«')       )>  }>  55  55  17'U0      ,,  ,,  ,, 

Fe  value  of  solution  =  0-00258. 

63-5 
Cu  value  =  0-00258  x  -^   =  0-00293. 
56 

Copper  found  =0-00293  x  17-02  =  0-04986  gram,  equal  to  99-95  per 
cent,  of  the  copper  present  in  the  pure  salt. 

The  amounts  of  potassium  thiocyanate,  acid  (either  sulphuric  or 
hydrochloric),  and  water  used  were  varied  in  a  large  number  of  experi- 
ments, but  no  alteration  in  the  quantity  of  titanium  trichloride  could 
be  detected. 

Titration  in  Presence  of  Ferric  and  Cupric  Salt. 


Copper  solution. 

Iron  alum  solution. 

H2S04(1:1). 

TiClj  solution.* 

20  c.c. 

— 

10  c.c. 

10-5   c.c. 

— 

20  c.c. 

10   „ 

12-05  „ 

20    „ 

20   „ 

10   „ 

22-5     „ 

20   „ 

20    „ 

10   „ 

22-5     „ 

This  was  a  weaker  solution  than  that  used  in  the  foregoing  experiments. 
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Total  copper  and  iron  may  therefore  be  estimated  in  the  same 
solution. 

The  presence  of  such  salts  as  ammonium  chloride,  sodium  acetate, 
zinc  sulphate  or  chloride,  ferrous  sulphate,  and  stannic  chloride  exerts 
no  influence  on  the  course  of  the  reaction. 

Effect  of  Temperature. — At  80°  the  reagent  is  decomposed  with 
precipitation  of  titanium  dioxide.  At  40°  the  first  addition  of  a  few 
c.c.  discharged  the  red  colour,  but  it  quickly  returned  as  the  liquid 
cooled.  Further  additions  were  made  and  the  amount  finally  required 
was  the  same  as  when  cold,  making  a  slight  allowance  for  the  oxidation 
resulting  from  longer  exposure  during  titration. 

TiClg  required  in  the  cold 10-65  c.c. 

„  „         at  40°  and  cooling  down     10"72    „ 

Below  30°  the  amount  required  was  not  affected  by  variation  in 
temperature. 

Effect  of  Nitric  Acid. — Owing  to  its  reduction  by  titanium  trichloride, 
this  acid  must  be  absent. 

Ferric  Salts. — Iron  in  the  ferric  state  must  be  absent  from  the  solu- 

[tion  titrated,  or  the  copper  value  of  the  amount  of  ii'on  so  present 

deducted  from  the  result  after  it  has  been  separately  determined.    The 

iron  may  be  removed  as  acetate  in  the  ordinary  manner  before  titrating 

the  copper. 

To  test  the  method  by  comparison  with  others,  a  sample  of  copper 
was  analysed  by  the  iodide,  electrolytic,  and  the  method  here  described, 
with  the  following  results  : 

Method.  Copper  taken.  Copper  fouiKl.   Percentage. 

Electrolytic 0-25  gram  0*2498  gram     99-92 

Titanium  trichloride  0-25     „  0-2497     „         99-88 

Iodide  0-25     „  02496     „         99*84 

In  conclusion,  I  must  gratefully  acknowledge  the  kindness  of  Dr. 
Knecht  and  of  Messrs.  Spence  and  Sons,  Ltd.,  for  providing  me  with 
the  titanium  salt. 

My  thanks  are  also  due  to  Mr.  G.  H.  Gray  and  Miss  Eva  Hibbert, 
who  have  assisted  me  with  the  analytical  work. 

Meiallurgioal  Laboratory, 

School  of  Technology, 

Manchester. 
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CXLYIL— The  Gum  of  Cochlospermum  Gossijpium, 

By  Heney  Haliburton  Robinson,  M.A.  (Oxon.). 

A  SMALL  deciduous  tree,  Cochlospermum  Gossypium,  belonging  to  the 
Bixinece,  which  grows  abundantly  in  the  forests  of  the  North-West 
Himalaya,  and  extends  across  the  central  table-land  of  India,  furnishes 
a  gum,  which  occurs  in  irregular,  rounded,  translucent  lumps  of  a  pale 
buff  colour.  This  gum  resembles  tragacanth  in  absorbing  a  large 
quantity  of  water  and  swelling  up  to  many  times  its  original  size ;  it 
is  sold  in  the  Indian  bazaars  as  a  substitute  for  tragacanth.  Several 
pounds  of  the  gum  were  received  at  the  Imperial  Institute  from  the 
Indian  Government. 

It  is  remarkable  among  the  gums  for  its  property  of  slowly  giving  off 
acetic  acid  when  exposed  to  moist  air ;  if  a  bottle  of  it  is  opened 
a  distinct  odour  of  acetic  acid  is  noticed.  This  property  is  also 
possessed  by  the  gum  of  Sterculia  urens,  and  is  mentioned  by  Guibourt 
(Pharm.  J.',  1855,  15,  57).  _ 

The  gum  does  not  dissolve  to  any  extent  in  water.  One  gram  of  the 
powdered  substance  was  mixed  with  100  c.c.  of  water  and  shaken  from 
time  to  time  during  three  days  ;  the  supernatant  liquid  was  filtered,  and 
a  portion  of  it,  on  evaporation,  gave  a  residue  the  weight  of  which  showed 
that  the  100  c.c.  had  dissolved  8"4  per  cent,  of  the  gum  taken  ;  this 
most  probably  was  not  all  in  true  solutioD,  but  included  minute 
particles  of  jelly  which  had  passed  through  the  pores  of  the  filter- 
paper. 

The  gum  does  not  give  any  blue  coloration  with  solution  of  iodine, 
and,  consequently,  is  free  from  starch. 

Lemeland  (/.  Pharm.  Chim.,  1904,  20,  253)  determined  the  amount  of 
furfural  and  mucic  acid  yielded  by  the  gum,  and  concluded  that  100 
grams  of  the  dry  substance  should  yield  on  hydrolysis  33 "0  grams  of 
pentoses  and  -15 '3  grams  of  galactose;  he  also  succeeded  in  isolating 
galactose. 

In  carrying  out  this  work  the  lines  of  0' Sullivan's  researches  (Trans., 
1884,  45,  41 ;  1891,  59,  1029  ;  1901,  79,  1164)  have  been  followed. 
This  author  has  shown  that  gums  are  not  carbohydrates,  with  which 
they  are  often  erroneously  classed,  but  are  acids  of  high  molecular 
weight,  from  which,  by  hydrolysis,  various  sugars  can  be  separated, 
leaving  a  more  stable  acid  of  lower  molecular  weight,  which  still 
possesses  gum-like  properties.  He  further  showed  that  by  gentle 
hydrolysis  evidence  can  be  obtained  of  the  existence  of  a  number  of 
intermediate  acids  lying  between  the  natural  gum  and  this  compara- 
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tively  stable  acid.     The  latter  thus  serves  as  a  nucleus  with  which  the 
residues  of  various  sugar  molecules  are  combined  to  form  the  gum. 

From  the  substance  under  investigation  a  stable  acid  was  obtained 

having   a   composition    corresponding  to  the  formula    CojHggOgp    for 

which  the  name  gondic  acid  is  proposed,  from  "  gond,"  the  Hindustani 

for  gum.     It  differs  by  one  molecule  of  water  from  the  arabic  acid  or 

Jl      X-arabinosic  acid  and  thegeddic  acid  described  by  O'Sullivan,  each  of  which 

■>     has  the  formula  CgH.gOoo,  and  by  one  carbon  atom  from  the  tragacan- 

■  than-xylan-bassoric  acids,  Co^Hg^Og^,  of  the  same  author.     Like  some 

■  of  the  gum  acids,  when  it  unites  with  bases,  it  forms  salts  by  addition 

■  without  any  elimination  of  water.  It  is  probably  a  dibasic  acid 
H  at  least,  since  a  monobasic  acid  of  the  same  composition  and  neutral- 
V  ising  power  would  only  contain  eleven  or  twelve  cai'bon  atoms  in 
H  its  molecule,  and  an  acid  of  such  low  molecular  weight  would  be  less 
H    likely  to  possess  the  properties  of  a  gum. 

^L       Xylose  and  a  hexose  were  found  in  the  liquids  obtained  on  hydro- 

^Hlysing  the  gum  and  removing  the  gondic  acid. 

^™^  As  regards  the  gum  itself,  it  was  found  to  yield  14  per  cent,  of 
acetic  acid,  equivalent  to  18  per  cent,  when  calculated  on  the  dry  and 
ash-free  substance  ;  it  thus  proves  to  be  an  acetyl  derivative  of  a 
gummy  substance.  By  the  action  of  sodium  hydroxide  solution  in  the 
cold,  the  acetyl  group  was  removed  and  a  gummy  substance  was 
obtained  which  had  acid  properties.  To  this  the  name  of  a-cochlosperm- 
inic  acid  may  be  given. 

Analyses  were  made  both  of  the  gum  and  of  the  a-cochlosperminic 
acid.  From  these  data  the  following  explanation  of  the  constitution 
of  the  gum  suggests  itself :  a-cochlosperminic  acid  may  be  a  hexosan- 
xylosan-gondic  acid,  CgHj^QO.,  CgHgO^,  CogllggOgj,  or  Cg^H-^OgQ,  and  the 
gum  itself  a  teti-a-acetyi  derivative  of  this  substance,  some  acetic  acid 
having  been  slowly  lost  during  keeping,  thus  reducing  the  yield 
of  acetic  acid.  This  view,  however,  appears  almost  too  simple,  and  a 
more  elaborate  system  of  examination  may  prove  the  composition  to  be 
more  complex.  Moreover,  the  neutralising  power  found  for  a-cochlo- 
sperminic acid  is  too  high  to  be  consistent  with  this  view,  unless  it  was 
due  to  some  impurity. 

Experimental. 

On  breaking  up  the  gum  into  small  fragments  {it  is  of  a  very  tough 
nature)  and  then  picking  out  those  which  are  not  discoloured,  a  pure, 
white  sample  can  be  obtained.  Such  a  sample,  after  further  powdering, 
was  found  to  lose,  when  dried  at  100'^,  15-5  per  cent,  of  its  weight, 
and  to  contain  5*2  per  cent,  of  ash,  equivalent  to  6'2  per  cent,  in  the 
dry  gum.     When  the  dried  powder  (preparation  F)  was  exposed  to  air. 
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it  reabsorbed  very  nearly  the  same  weight  of  water  which  it  lost 
at  100°. 

In  order  to  remove  ash  constituents,  6  grams  of  selected  gum  were 
allowed  to  stand  in  contact  with  a  mixture  of  11  c.c.  of  strong 
hydrochloric  acid  solution  and  33  c.c.  of  absolute  alcohol ;  the  propor- 
tion of  water  present  was  sufficient  to  cause  the  gum  to  swell.  After 
twenty  minutes,  32  c.c.  of  absolute  alcohol  were  added ;  this  caused 
signs  of  desiccation  of  the  gum  ;  after  an  hour  or  two  the  alcohol  was 
poured  off  and  fresh  alcohol  was  added  and  left  in  contact  for  some 
hours,  and  then  was  decanted  ;  this  washing  was  repeated  about  twenty 
times.  The  purified  substance  (preparation  Q)  was  then  dried  over 
calcium  chloride  in  a  vacuum  ;  the  desiccating  action  of  the  alcohol  had 
rendered  it  far  less  tough  and  it  was  easily  reduced  to  powder.  It  now 
contained,  when  dried  at  100°,  I'l  per  cent,  of  ash. 

Another  specimen  of  selected  gum  was  freed  from  ash  in  a  slightly 
different  way ;  it  was  left  in  contact  with  a  mixture  of  equal  volumes 
of  strong  hydrochloric  acid  solution  and  water  for  twenty  minutes, 
and  Avas  then  treated  repeatedly  with  75  per  cent,  alcohol,  which 
was  weak  enough  to  allow  it  to  remain  in  gelatinous  lumps  and  not  to 
desiccate  it.  The  lumps  Were  dried  at  100°  and  powdered.  This 
preparation  (K)  when  dried  at  100°  lost  8'4  per  cent,  of  its  weight  ; 
after  being  dried  at  this  temperature  it  contained  only  0"25  per  cent. 
of  ash. 

In  the  following  analyses  of  these  three  preparations  the  percentages 
are  calculated  on  the  dry  and  ash-free  gum. 

Preparation  P. 

0-3094  gave  0-4730  CO.  and  0-1552  H^O.     C  =  44-45  ;  H  =  5^94. 

Preparation  Q. 

0-3408  gave  0-5599  CO^  and  0-1799  K^O.     0  =  45-31  ;  H  =  5-93. 
0-3723     „     0-6099  00.    „     0-1918  H2O.     0  =  4518 ;  H  =  5-78. 

Preparation  B. 

0-2657  gave  0-4366  OO2  and  0-1424  HoO.     0  =  44-92  ;  H  =  5-97. 
0-2864     „     0-4723  OO2    „     0-1513  H^O.     0  =  45-09 ;  H  =  5-89. 

034H5;^027(OAc)3  requires  0  =  44-94  ;  H  =  562  per  cent. 
Cg.H^oOjoAc)^        „        0  =  45-41  ;  H  =  5-59  per  cent. 

Yield  of  Acetic  Acid. 

Twenty-two  grams  of  the  gum  were  heated  with  200  c.c.  of  a 
solution  containing  1 3  grams  of  sulphuric  acid  on  a  water-bath  for  two 
hours  and  then  distilled  with  a  naked  flame  for  twenty  minutes.  The 
distillate    was  treated   with   barium    carbonate,   filtered,    mixed   with 
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phosphoric  acid,  and  distilled.  To  the  distillate,  silver  oxide  was  added, 
and  from  the  solution  crystals  were  obtained  which  proved  to  be  silver 
acetate,  for,  on  ignition  : 

0-2814  gave  0-1817  Ag.     Ag  =  64-57. 

CoHgOgAg  requires  Ag  =  6467  per  cent. 

The  liquid  remaining  in  the  distilling  flask  after  the  first  distillation 
was  treated  with  barium  carbonate  to  remove  sulphuric  acid  and  was 
then  distilled  with  phosphoric  acid ;  the  distillate  was  redistilled  and 
treated  with  silver  oxide  and  crystals  of  silver  acetate  were  again 
obtained. 

0-2485  gave  0-1600  Ag.     Ag  =  64-39  per  cent. 

There  is  thus  no  doubt  that  acetic  acid  is  one  of  the  products  of 
hydrolysis. 

Two  hundred  and  thirty-two  grams  of  the  gum  were  hydrolysed  by 
heating  with  3  per  cent,  sulphuric  acid  for  thirteen  hours  on  a 
water-bath.  A  portion  of  the  resulting  liquid,  representing  17  grams 
of  the  gum,  was  distilled  in  a  current  of  steam  and  the  amount  of  acid 
in  the  distillate  was  determined  by  means  of  a  standard  solution  of 
sodium  hydroxide,  using  phenolphthalein  as  the  indicator.  An 
amount  of  acetic  acid  was  found  equivalent  to  14-4  per  cent,  of  the 
gum,  or  18-2  per  cent,  of  the  dry  ash-free  substance,  allowing  for  the 
presence  of  16  per  cent,  of  water  and  5  per  cent,  of  ash. 

In  two  experiments,  some  of  the  powdered  gum  was  divided  and 
examined  as  follows  :  a  portion  weighing  1-1594  grams  was  warmed  for 
eight  hours  in  a  water-bath  with  40  c.c.  of  iV/4  sodium  hydroxide 
solution ;  the  mixture  was  then  acidified  with  6  c.c.  of  phosphoric  acid 
of  sp.  gr.  1-5  and  di.-,tilled,  using  a  bath  of  calcium  chloride  solution  ; 
water  was  added  and  three  more  distillates  were  obtained.  Using 
sodium  hydroxide  solution  and  phenolphthalein  as  an  indicator,  it  was 
found  that  the  yield  of  acetic  acid  was  13-1  per  cent,  or,  allowing  for 
18  per  cent,  of  water,  16'0  per  cent,  of  the  dry  gum. 

The  second  portion,  which  weighed  1-3113  grams,  was  dried  at  100° 
in  a  water-oven  and  lost  0-2363  gram,  equivalent  to  180  per  cent.  The 
dry  residue  was  then  treated  in  the  same  manner  as  the  first  portion 
and  it  was  found  that  the  yield  of  acetic  acid  was  137  per  cent,  of  the 
gum  or  16-7  per  cent,  of  the  dry  gum  or  17-8  per  cent,  of  the  dry  and 
ash- free  gum. 

These  experiments  show  that  no  acetic  acid  is  lost  by  the  gum  in  the 
course  of  dryiog  at  100"  in  a  water-oven. 
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Preparatio7i  of  a-Cochlosperminic  Acid. 

A  portion  of  the  gum  weighing  100  grams  was  left  in  contact  with 
2  litres  of  5  per  cent,  sodium  hydroxide  solution.  In  the  course  of  a 
few  days  it  swelled  so  as  to  occupy  apparently  the  whole  two  litres  of 
liquid,  but  the  swelling  caused  little  or  no  increase  in  the  total  volume. 
The  mixture  was  left  at  the  ordinary  temperature  for  a  c6nsiderable 
time  ;  a  portion  was  then  removed  and  neutralised  with  standard  acid 
and  it  was  found  that  part  of  the  sodium  hydroxide  had  been 
neutralised,  and  that  100  parts  of  dry  gum  were  equivalent  to  roughly 
20  parts  of  acetic  acid  in  neutralising  effect.  It  thus  appeared 
probable  that  the  acetyl  groups  had  been  removed  by  the  sodium 
hydroxide. 

After  various  trials  the  following  method  was  found  to  be  the  best 
for  the  preparation  of  a-cochlosperminic  acid.  A  portion  of  the  above 
liquid,  which  was  a  thick  mucilage,  was  mixed  with  an  equal  volume 
of  normal  hydrochloric  acid  solution,  which  nearly  neutralised  the 
sodium  hydroxide ;  after  standing  for  a  few  days  it  became  much  less 
viscous.  It  was  then  mixed  with  one-tenth  of  its  volume  of  strong 
hydrochloric  acid  solution.  It  was  now  moderately  clear.  In  order  to 
I'emove  impurities  it  was  filtered,  placed  in  tubes  of  parchment  paper, 
and  dialysed  until  all  the  hydrochloric  acid  Avas  removed  ;  a  bright 
clear  solution  was  thus  obtained. 

The  solution  yielded  by  dialj'^sis  does  not  give  a  precipitate  when 
mixed  with  alcohol  alone,  but  when  an  acid  or  a  salt  in  solution  is 
added  to  the  mixture  with  alcohol,  a  white,  gummy  substance  separates, 
a  property  characteristic  of  colloids. 

The  solution  contained  0"611  gram  of  dry  matter  in  100  c.c,  of 
which  0 '060  gram  was  ash;  a  column  of  it  200  mm.  in  length  was 
found  to  possess  a  rotatory  power  of  aD  +  0°38',  whence  [a]D  +  57°  for 
dry  and  ash-free  a-cochlosperminic  acid. 

Some  solution  similarly  prepared  was  mixed  with  nearly  twice  its 
volume  of  97  per  cent,  alcohol  and  one-fiftieth  of  its  volume  of  strong 
hydrochloric  acid  solution ;  the  precipitate  produced  was  separated, 
washed  with  alcohol,  and  dried  over  calcium  chloride  in  a  desiccator. 
Prepared  in  this  way  {M),  the  acid  was  a  white,  granular,  amorphous 
substance  containing  only  024  per  cent,  of  ash. 

A  second  preparation  (N)  of  the  acid  was  made'in  a  very  similar 
manner,  but  sulphuric  acid  was  used  to  neutralise  the  sodium  hydroxide 
before  dialysing  and  some  hydrochloric  acid  was  used  later.  This 
preparation  contained  0*8  per  cent,  of  ash.  After  drying  at  100°,  the 
following  numbers  were  obtained  on  analysis  : 
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Prepai'ation  M. 

0-2115  gave  0-3315  CO2  and  0-1115  H.,0.     0  =  42-85;  H  =  5-87. 
0-2137     „     0-3320  CO2    „    01088  HgO.     0  =  42-47 ;  H  =  5-67. 

Preparation  X. 

0-2119  gave  0-3346  00,  and  0-1090  Hp.     0  =  4341 ;  H  =  5-76. 

0-1728     „     0-2697  CO2    „    00895  HgO.     0  =  4279 ;  H  =  5-79. 

Cg^Hg^OgQ  requires  0  =  43-31  ;  H  =  5-73  per  cent. 

The  percentages  are  calculated  on  the  dry  and  ash-free  substance. 

The  dialysed  solution  was  an  almost  colourless,  gummy  liquid,  and 
on  evaporation  left  the  a-cochlosperminic  acid  in  transparent,  gum-like 
flakes,  which  were  insoluble  in  water.  The  white  form  obtained  by 
precipitating  with  alcohol  is  brittle  and  easily  powdered ;  with  water 
it  gelatinises,  but  does  not  dissolve.  That  the  substance  was  really 
de-acetylated  was  proved  by  distilling  a  portion  of  it  with  sulphuric  acid, 
when  the  distillate  contained  no  acetic  acid. 

The  substance  has  acid  properties  and  an  attempt  was  made  to 
determine  its  neutralising  power  by  grinding  some  of  the  preparation 
M,  and  dividing  the  powder  into  two  weighed  portions.  In  one  portion 
the  loss  at  100°  was  determined;  the  other  was  treated  with  NjiO 
sodium  hydroxide  solution  in  a  closed  flask.  After  about  half  an  hour 
it  had  all  dissolved,  and  the  liquid  had  acquired  a  pale  yellow  tint ; 
two  days  later  the  excess  of  sodium  hydroxide  was  determined,  and 
the  neutralising  power  of  the  dry  substance  was  found  to  be  equivalent 
to  a  "barium  oxide  value"  of  20-2.*  This  result  was  much  higher 
than  was  expected  considering  the  barium  oxide  value  of  the  soluble 
gondic  acid. 

The  Gum  Acids. 

In  order  to  ascertain  the  composition  of  the  gum  it  was  decided  to 
hydrolyse  it  by  means  of  sulphuric  acid,  and  then  to  separate  and 
examine  the  products  obtained.  Several  such  hydrolyses  wei-e  made, 
and  it  was  found  that  the  gum  when  thus  treated  yielded  sugars  and 
one  or  more  gum  acids. 

The  gum  when  warmed  for  about  fourteen  hours  with  2|  or  3  per 
cent,  sulphuric  acid  solution  slowly  dissolved,  and  the  i-esulting  liquid 
when  mixed  with  alcohol  yielded  a  precipitate  of  the  gum  acid  as 
a  soft,  dough-like  mass.  In  some  experiments  alcohol  was  added 
at  once  to  the  liquid,  in  others  the  sulphuric  acid  was  previously 
removed  by  the  addition  of  barium  carbonate,  the  gum  acid  being 
simultaneously  converted  into  a  soluble  barium  salt.  The  precipitate 
was  purified  by  repeatedly  dissolving  it  in  water  and  reprecipitating 

Tlio  weight  of  barium  oxide  required  to  neutralise  100  jiarts  of  the  dry  acid. 
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with  alcohol,  the  final  purification  being  effected  by  acidifying  the 
aqueous  solution  with  hydrochloi'ic  acid  and  submitting  it  to  dialysis 
in  a  tube  of  parchment  paper.  When  necessary,  the  liquids  were 
decolorised  by  percolation  through  animal  charcoal.  The  gum  acid 
passed  through  the  parchment  paper  very  slowly,  and  consequently 
a  large  proportion  of  it  was  left  in  the  paper  tube  free  from  inorganic 
constituents.  It  was  precipitated  by  the  addition  of  alcohol,  and  dried 
by  leaving  it  over  calcium  chloride  in  a  desiccator. 

Obtained  in  this  way,  it  is  a  white,  granular  substance,  easily 
reduced  to  powder.  It  remains  unaltered  on  exposure  to  air  and  does 
not  deliquesce,  but  if  left  moist  with  alcohol  on  a  filter  paper  the 
alcohol  absorbs  the  atmospheric  moisture,  and  this  is  transferred  to 
the  acid,  rendering  it  gummy  and  stopping  all  further  filtration.  In 
consequence  of  this,  filtrations  of  the  alcoholic  precipitates  must  be 
performed  over  calcium  chloride  under  a  large  glass  shade  to  ensure  a 
dry  atmosphere.  The  substance  has  a  pleasant  acid  taste  and  dissolves 
readily  in  water,  and  the  aqueous  solution  when  evaporated  leaves 
transparent,  gum-like  scales,  which,  unlike  the  scales  obtained  by 
evaporating  the  solution  of  the  de-acetylated  gum,  are  still  soluble 
in  water.     On  heating,  it  chars  without  melting. 

The  first  preparation  (A)  made  was  examined  before  it  had  been 
submitted  to  dialysis.  After  drying  at  100°,  it  contained  5 '7  per 
cent,  of  ash. 

0-1969  gave  0-2891  COo  and  0-091 G  H,0.     C- 42-46;  H  =  5-48. 
0-2015     „     0-2967  CO2    „    0-0959  Hp.     C  =  42-59 ;  H  =  5-61. 
CggHggOo^  requires  0  =  4259  ;  H  =  5-56  per  cent. 

The  percentages  are  calculated  on  the  dry  and  ash-free  substance. 

The  dialysis  method  of  purification  was  then  applied  to  this  same 
product  (A).  After  dialysis  the  i-otatory  power  of  the  substance  in 
solution  was  found  to  be  [ajo  -1-93°. 

The  acid  was  then  separated  by  precipitation  and  the  product  {B), 
which  was  almost  free  from  ash,  after  drying  at  100°  yielded  the 
following  results  : 

0-2175  gave  0-3366  00^  and  0-1082  H2O.     0=  42-21  ;  H  =  5-53. 
0-2123      „     0-3293  CO^g    „    0-1049  HgO.     0  =  42-30 ;  H  =  5-49. 

These  results  agree  with  those  obtained  before  dialysis.  The 
neutralising  power  was  then  determined  in  terms  of  the  amount  of 
barium  oxide  required  to  neuti-alise  100  parts  of  the  acid  dried  at  100°, 
using  a  standard  solution  of  barium  hydroxide  with  phenolphthalein 
as  the  indicator.  This  barium  oxide  value  was  found  to  be  24-5. 
OggHggOgi  requires  a  barium  oxide  value  of  23-6, 

Another  preparation  was  made  from  80  grams  of  the  gum,  using 
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barium  carbonate  to  remove  the  sulphuric  acid  and  convert  the  gum 
acids  into  their  barium  salts.  The  barium  salts  were  precipitated  by 
alcohol,  and  when  water  was  added  to  the  precipitate  the  resulting 
liquid  separated  into  two  layers,  resembling  the  separation  of  phenol 
when  mixed  with  water.  The  two  layers  were  treated  separately. 
The  lower  layer  yielded  6  grams  of  an  acid  (preparation  C)  which  had 
a  barium  oxide  value  of  20"8  ;  it  contained,  however,  about  0"4  per  cent, 
of  ash.  The  upper  layer  yielded  4  grams  of  an  acid  (preparation  D) 
which  had  a  barium  oxide  value  of  23'9,  uncorrected  for  ash. 

The  effect  of  fractional  precipitation  was  next  tried  with  these  two 
preparations ;  the  acids  were  dissolved  in  water  and  alcohol  was  added 
to  the  solutions  in  quantities  insufficient  to  cause  complete  precipita- 
tion. The  precipitates  obtained  were  further  purified  by  redissolving 
and  reprecipitating,  except  in  the  case  of  the  third  fraction  of  D,  which 
was  too  small  to  be  reprecipitated.  The  barium  oxide  values  of  the 
three  fractions  of  C  were  found  to  be  180,  18'4,  and  17'4,  and  those 
of  the  three  fractions  of  D  were  20"9,  20'8,  and  23'4.  C  and  D  were 
thus  mixtures  containing  acids  with  more  sugar  residue  in  the  mole- 
cule than  gondic  acid  and  lying  between  that  acid  and  the  gum.  A 
hexosan-pentosan-gondic  acid  would  have  a  barium  oxide  value  of  16 '2 
and  a  pentosau-gondic  acid  would  have  one  of  19"6.  The  amounts  of 
C  and  D  available  were  insufficient  to  permit  of  a  complete  investiga- 
tion of  the  intermediate  acids,  and  the  values  given  are  not  corrected 
for  ash. 

In  order  to  obtain  a  further  quantity  of  the  acid,  another  hydrolysis 
was  made,  employing  500  grams  of  the  gum,  and  from  this  two  prepara- 
tions, E  weighing  36  grams  and  F  weighing  12  grams,  were  obtained. 
They  were  prepared  by  using  barium  carbonate  as  a  neutralising  agent, 
and  were  purified  by  dialysis.  Preparation  E  was  not  quite  free  from 
barium  oxide  ;  the  amount  of  this  was  ascertained  and  allowed  for  in 
the  determinations.  It  had  a  barium  oxide  value  of  24- 7,  and  its  rotatory 
power  was  [a]D  +  91°. 

Preparation  F  had  a  barium  oxide  value  of  24*4  and  its  rotatory 
power  was  [a]D-}-93°. 

Experiments  were  made  with  the  object  of  separating  this  acid  into 
smaller  molecules  by  further  hydrolysis,  but  it  appeared  to  be  re- 
sistant except  to  powerful  action,  when  a  general  decomposition 
occurred.  Some  of  preparation  E  was  warmed  in  a  water-bath  for  half  an 
hour  with  one-tenth  of  its  weight  of  sulphuric  acid  and  twenty  times  its 
weight  of  water  ;  the  gum  acid  was  separated  and  its  barium  oxide  value 
was  found  to  be  25*0.  Another  portion  of  preparation  E  was  warmed 
in  a  water-bath  for  one  hour  with  half  its  weight  of  sulphuric  acid  and 
twenty  times  its  weight  of  water  ;  the  gum  acid  was  separated  and  its 
barium  oxide  value  was    found    to  be    26-7.     Hydrolysis   with   still 
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stronger  sulphuric  acid  solutioa  was  then  tried,  employing  9  grams  of 
preparation  F,  and  warming  it  in  a  water-bath  for  eight  hours  with 
three  times  its  weight  of  sulphuric  acid  and  thirty  times  its  weight  of 
water ;  it  was  found  to  have  undergone  much  decomposition,  but  the 
products  could  not  be  satisfactoinly  isolated. 

These  results  seem  to  point  to  the  existence  of  a  gum  acid  of  consider- 
able stability,  having  a  barium  oxide  value  of  about  24  and  a  rotatory 
power  of  about  [aju  -1-93°.  Twenty  grams  of  the  preparation  ^were 
then  separated  by  fractional  precipitation  with  alcohol  into  three  frac- 
tions, each  of  which  was  redissolved  and  reprecipitated  by  alcohol ;  the 
three  products  Ea,  Eb,  and  Ec  Avere  found  to  have  barium  oxide 
values  of  23'7,  23"7,  and  24'1  respectively,  allowance  having  been 
made  for  the  small  quantities  of  barium  oxide  they  contained  deriv  ed 
from  the  barium  oxide  in  preparation  E.  The  first  of  these  products 
was  dissolved  and  precipitated  by  alcohol  in  the  presence  of  a  little 
sulphuric  acid,  again  dissolved,  and  precipitated  by  alcohol.  The  pre- 
cipitate Eaa  was  found  to  have  a  barium  oxide  value  of  23-7  and  a 
rotatory  power  of  [ajp  97'7°  ;  portions  of  it,  after  drying  at  100°, 
yielded  the  following  results  : 

0-2142  gave  0-3343  COg  and  0-1089  HgO.     C  =  42-66  ;  H  =  5-66. 
0-1918     „     02995  CO2  and  0-0969  HgO.     C  =  42-70  ;  H  =  5-63. 
CggHggOg^  requires  C  =  42*59  ;  H  =  5-56  per  cent. 

The  ash  in  each  case  was  0-0005  gram  and  the  percentages  are  calcu- 
lated on  the  dry  and  ash-free  substance. 

O'Sullivan  (Trans.,  1891,  59,  1075)  found  that  the  gum  acids  when 
dry  are  anhydrides,  and  form  addition  compounds  with  barium  oxide 
without  elimination  of  water.  In  order  to  determine  whether  this  is 
the  case  with  gondic  acid,  the  barium  salt  was  prepared  from  a  portion 
of  Eaa  by  neutralising  it  with  barium  hydroxide  solution,  using  phenol- 
phthalein  as  the  indicator,  and  then  precipitating  with  alcohol.  A 
portion  of  this  .salt,  after  drying  at  100°,  gave  the  following  numbers: 

0-2927  gave  0-3508  CO.,,  0-1187  H.,0,  and  0-073   BaCOg.     0  =  34-20; 

H  =  4-51. 
C^jHgjjOgpBaO  requires  0  =  34-46;  H  =  4-49  per  cent. 
C23H3j02o>'BaO         „        0  =  35-25  ;  H  =  4-34  per  cent. 

This  result  proves  that  gondic  acid  resembles  the  other  acids 
in  being  an  anhydride,  and  forming  salts  by  addition,  not  by  replace- 
ment. This  conclusion  is  independent  of  any  pai'ticular  formula,  since 
100  parts  of  an  acid  containing  42-7  per  cent,  of  carbon  uniting  wit 
23*7  parts  of  barium  oxide  give  a  salt  containing  34-52  percent,  o 
carbon  if  an  addition  product  is  formed,  but  if  2-8  parts  of  water  (the' 
equivalent  of  23-7  of  barium  oxide)  are  eliminated,  the  resulting  salt 
contains  35*32  per  cent,  of  carbon. 
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It  was  noticed  that,  like  the  arabinic  acid  prepared  by  Neubauer  (J. 
pr.  Chem.,  1854,  62,  193)  from  gum  arabic,  gondic  acid  is  rendered  less 
easily  soluble  in  water  by  prolonged  drying  at  100°.  It  was  also  found 
that  by  treatment  with  nitric  acid  of  sp.  gr.  1*50  gondic  acid  yields  a 
nitrated  derivative  which  is  precipitated  by  the  addition  of  water  and 
is  soluble  in  alcohol. 

The  Sugars. 

From  the  liquid.s  from  which  the  gum  acids  had  been  precipitated  by 
means  of  alcohol,  two  sugars  were  isolated,  although  with  considerable 
difficulty. 

The  first  appeared  to  be  a  hexose  and  crystallised  in  rosettes  of  lancet- 
shaped  crystals.  It  had  a  sweet  taste  and  a  melting  point  of  about  135°. 
When  dried  at  100°  its  rotatory  power  was  [ajn  +  58°  and  on  analysis  : 

0-2024  gave  03005  COg  and  0-1224  H2O.     C  =  40-49  ;  H  =  6-72. 
CnHj^Ou  requires  C  =  40-00  ;  H  =  6-67  per  cent. 

It  yielded  a  yellow  osazone  melting  at  157 — 159°  and  completely  at 
about  160°,  sparingly  soluble  in  hot  water,  but  much  more  soluble 
than  dextrosazone.  Whether  this  sugar  is  galactose  not  quite  free 
from  impurities,  or  whether  it  is  a  new  sugar,  could  not  be  determined 
with  certainty  owing  to  the  small  quantity  obtained,  but  it  differed 
from  galactose  in  the  appearance  of  its  crystals. 

The  second  sugar  possessed  a  rotatory  power  of  [a]D  + 24°,  and  is 
doubtless  xylose. 

In  conclusion,  I  desire  to  express  my  best  thanks  to  Professor 
Wyndham  E.  Dunstan  for  suggesting  this  work,  and  for  the  valuable 
advice  he  has  given  me  in  carrying  it  out. 

Scientific  Department, 

Imperial  Institute,  S.W. 


I 


£5XLVIII. — Steric  Hindrance  in  the  Naphthalene  Series. 

By  Clarence  Smith. 

The  facility  with  which  1  : 8-naphthalene  derivatives  form  ring  com- 
pounds is  usually  considered  to  indicate  that  substituents  in  the  peri- 
position  are  relatively  situated  very  similarly  to  those  in  the  ortho- 
position  in  a  benzene  or  naphthalene  nucleus.  If  this  be  so,  the 
phenomenon  of  steric  hindrance  should  be  exhibited  by  certain 
naphthalene  compounds  having  substituents  in  positions  1,  2,  and  8, 

5  G  2 
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and  this  explanation  has  been  advanced  to  account  for  the  peculiar 
behaviour  of  certain  2  : 8-derivatives,  although  exact  experimental 
data  are  wanting. 

Some  years  ago  Witt  {Ber.,  1888,  21,  3483)  found  that  ^-naphthyl- 
amine-8-sulphonic  acid  reacted  with  diazotised  sulphanilic  acid  to  form 
a  diazoamine.  Similar  results  have  been  obtained  with  dinzonium 
salts  of  less  molecular  weight  ;  it  is  worthy  of  mention,  however, 
that  in  the  production  of  these  yellow  diazoamines  the  red  colour  of 
the  solution  is  the  more  pronounced  the  lower  the  molecular  weight  of 
the  diazonium  salt  used,  a  result  which  points  to  the  possibility  of  a 
small  quantity  of  the  aminoazo-compound  being  formed,  although 
attempts  to  isolate  such  substances  from  the  mother  liquors  were 
unsuccessful,  as  also  were  experiments  undertaken  with  a  view  to  the 
conversion  of  the  diazoamino-  into  the  aminoazo-compound.  Evidently, 
with  a  substituent  of  large  molecular  volume  in  position  8  the  intra- 
molecular change  is  rendered  impossible,  or  is  very  largely  hindered,  so 
that  the  diazo-complex  cannot  enter  position  1  to  form  an  aminoazo- 
compound.  In  accordance  with  this  deduction,  it  was  found  that 
diujethyl-y8-naphthylamine-8-sulphonic  acid  does  not  react  with 
diazonium  salts. 

The  molecular  volume  of  the  nitro-gi-oup  is  mv;ch  less  than  that  of 
the  sulphonic  acid  group,  and  consequently  8-nitro-^-naphthylamine 
yields  aminoazo-compounds  in  the  usual  way,  although  the  effect  of 
steric  hindrance  is  manifested  by  the  inability  of  such  compounds  to 
form  acetyl  derivatives. 

The  well-known  difficulty  of  obtaining  dyes  from  "  G  "  salt  in  dilute 
solution  is  also  due  to  steric  hindrance,  the  effect  of  which  has  been 
illustrated  by  comparing  the  rates  at  which  "  G "  and  "  E, "  salts 
respectively  unite  with  diazonium  compounds  under  identical 
conditions. 

Hewitt  and  Mitchell  have  recently  published  the  results  of  ex- 
periments on  the  mobility  of  the  halogen  atom  in  l-bromo-/?-naphthol, 
in  which  they  have  shown  that  the  bromine  atom  is  almost  in- 
stantaneously displaced  by  diazo-complexes  in  alkaline  solution. 
Owing  to  steric  hindrance,  l-bromo-;8-naphthol-8-sulphonic  acid  does 
not  react  with  diazonium  salts,  whereas  the  halogen  in  1-bromo-^- 
naphthol-6-sulphonic  acid  is  displaced  as  readily  as  from  1-bromo-yS- 
naphthol  itself.  I 

Experimental.  \ 

Sodium  ■p-Tolue7iediazo-(3-aminonapht/ialen6-S-sulphonate, 

O-HyNg-NH-CioHfi-SOsNa. 

To  a  solution  containing  8*16  grams  of  sodium  /3-naphthylamine-8- 
sulphonate  and  excess  of    sodium  acetate  in  500  c.c.   of   water  was 
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slowly  added  the  solution  of  the  diazonium  chloride  prepared  from 
3'6  grams  of  jo-toluidine.  The  mixed  solutions  immediately  became 
dark  red ;  excess  of  solid  sodium  acetate  was  added,  and  the  orange- 
red  precipitate  was  collected  after  fifteen  hours,  well  washed  with  hot 
water,  dried,  and  crystallised  from  alcohol.  The  diazoamine  separates 
from  this  solvent  in  yellowish-brown  needles,  which  darken  at  215° 
and  melt  and  decompose  at  219°. 

0-7000  gave  O-lSOe  Na^SO^.     N'a  =  6-04. 

0-1002     „     9-9  CO.  moist  nitrogen  at  18-5°  and  772-5  mm.  N  =  11-7. 
Cji^Hj^O^NgSNa  requires  Na  =  6-3  and  ]Sr=  11-6  per  cent. 

The  substance  does  not  develop  a  characteristic  coloration  with 
concentrated  sulphuric  acid,  and  is  decomposed  by  cold  concentrated 
hydrochloric  acid,  the  products  of  fission  yielding  a  red  precipitate 
with  an  alkaline  solution  of  yS-naphthol. 

Sodium  £enzenediazo-/3-aminonaphthalene-S-sulphonate, 
CgHjNg-NH'CioHg-SOgNa. 

This  substance  is  precipitated  when  equivalent  quantities  of  sodium 
j8-naphthylamine-8-sulphonate  and  benzenediazonium  chloride  react  in 
the  presence  of  excess  of  sodium  acetate.  From  the  dark  red  solution 
a  reddish-brown  precipitate  separated,  which  was  collected,  washed, 
dried,  and  rapidly  crystallised  from  hot  water.  Light  yellow  crystals 
were  obtained  which  were  sparingly  soluble  in  alcohol,  and  insoluble  in 
other  organic  solvents. 

0-1332  gave  14-4  c.c.  moist  nitrogen  at  23°  and  781  mm.     N  =  12-2. 
CjgHjaOgNgSNa  requires  N=  12-0  per  cent. 

Potassium  Dimethyl-fi-naphthylamineS-suIphonate, 

NMeg-CioHg-SOgK. 

Twenty  grams  of  sodium  /?-naphthylamine-8-sulphonate  and 
12  grams  of  sodium  hydroxide  were  dissolved  in  125  c.c.  of  water 
and  the  solution  warmed  to  50 — 60°  on  the  water-bath.  An  excess  of 
dimethyl  sulphate  (38  grams)  was  very  slowly  added  ;  the  oily  drops 
rapidly  disappeared  on  shaking  and  the  liquid  became  appieciably 
hotter.  After  cooling,  the  mixture  was  extracted  once  with  ether  to 
remove  unchanged  dimethyl  svilphate,  then  slightly  acidified  with 
sulphuric  acid  and  evaporated  to  a  small  bulk.  After  removing  the 
.separated  sodium  sulphate  and  sodium  methyl  sulphate,  the  filtrate  was 
evaporated  with  absolute  alcohol  and  the  residual  syrup  cooled  in  a 
desiccator.  A  white,  crystalline  substance  w;is  thus  obtained  which  is 
exceedingly  deliquescent,  very  soluble  In  water,  and  quite  insoluble  in 
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organic  solvents.     From  these  properties  the  substance  is   probably 

very  similar  to  the  trimethyl  anhydro-salt,  CgH4<CvT^,^  ^0,    formed 

from  sulphanilic  acid  (Griess,  Ber.,  1879,  12,  2116),  which  has 
corresponding  physical  properties,  but  it  has  not  yet  been  obtained  in 
the  pure  state,  a  slight  residue  being  left  after  ignition.  When  the 
substance  was  heated  for  five  hov;rs  with  concentrated  aqueous  potass- 
ium hydroxide,  methyl  alcohol  was  formed,  which  was  removed  by 
distillation  and  recognised  by  converting  it  into  methyl  salicylate. 
From  the  cold  alkaline  solution,  crystals  of  potassium  dimethyl- 
)8-naphthylamine-8-sulphonate  were  obtained  and  were  purified  by 
repeated  crystallisation  from  water.  The  salt  forms  white,  anhydrous, 
lustrous  crystals,  and  is  easily  soluble  in  water  or  alcohol. 

0-2775  gave  0-0844  KgSO^.     K  =  13-76. 

CJ2H12O3NSK  requires  K  =  13-5  per  cent. 

Dimethi/l-/3-naphthyla77iine-8-sulphonic  acid  was  obtained  by  adding 
concentrated  hydrochloric  acid  to  a  saturated  solution  of  the  potassium 
salt.  The  precipitate  was  recrystallised  from  hot  dilute  hydrochloric 
acid  and  then  twice  from  water.  The  acid  forms  anhydrous  white 
needles  and  melts  at  244°.  It  is  sparingly  soluble  in  cold  water,  but 
dissolves  readily  in  hot  water  or  alcohol ;  the  solutions  exhibit  a 
beautiful  blue  fluorescence.  The  acid  does  not  form  a  nitroso- 
compound. 

0-1988  gave  10-1  c.c.  moist  nitrogen  at  18°  and  7644  mm.    N  =  5-8. 
0-4804  required  19-25  c.c.  N/10  KOH.     M.W.  =  249-5. 
CjgHjgOgNS  requires  M.W.  =  251  and  N  =  5-6  percent. 

Behaviour  with  Diazoniuvi  Salts. — A  solution  containing  0'21  gram 
of  j9-toluidine  was  diazotised  and  added  to  the  solution  of  the 
equivalent  quantity  of  dimethyl-y8-naphthylamine-8-sulphonic  acid. 
By  the  addition  of  excess  of  sodium  acetate,  a  red  colour  was  developed 
which  did  not  become  intensified  after  five  hours.  The  solution  was 
therefore  slowly  poured  into  a  cold  alkaline  solution  of  ;S-naphthol,  and 
the  red  precipitate  of  jo-tolueneazo-y8-naphthol  was  collected  at  the 
pump  on  a  Gooch  crucible,  well  washed  with  hot  water,  and  dried  at 
116°.  From  the  weight  of  the  azo-compound,  048  gram,  it  was 
calculated  that  more  than  91  per  cent,  of  the  diazonium  salt  had 
remained  uncombined  after  an  interval  of  five  houi'S. 

In  a  similar  experiment  with  benzenediazonium  chloride,  87  per  cent, 
remained  unchanged  after  the  same  interval  of  time. 
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lp-Tolueneazo-l3-amino-8-nit')'07iaphthalene, 

CVET7N2-CioH,(NH2)NO,. 

A  solution  containing  1"6  grams  of  /)-toluidine  was  diazotised  and 
added  to  2'8  grams  of  8-nitro-/?-naphthylamine  dissolved  in  700  e.c.  of 
water  containing  a  small  quantity  of  acetic  acid.  The  mixed  solutions 
became  faintly  turbid,  and  after  the  addition  of  excess  of  sodium 
acetate  a  bi'ight  red  solution  was  produced,  from  which  a  bulky, 
flocculent  precipitate  slowly  separated  ;  this  was  collected,  washed,  and 
dried.  The  substance  is  very  sparingly  soluble  in  organic  solvents  of 
low  boiling  point,  and  is  therefore  best  purified  by  crystallisation  from 
ethyl  benzoate,  from  which  it  separates  in  reddish-brown  needles  with 
a  green  reflex.  The  crystals  were  washed  with  alcohol  to  remove  the 
last  traces  of  the  solvent,  and  dried  at  100°. 

0-1301  gave  22-2  c.c.  moist  nitrogen  at  23°  and  740  mm.     N=  18-2. 
C^^H^^OgN^  requires  ]Sr=  18'3  per  cent. 

The  substance  melts  at  253°,  develops  an  intense  reddish-violet 
coloration  with  concentrated  sulphuric  acid,  is  not  decomposed  by  cold 
concentrated  hydrochloric  acid,  and  does  not  form  an  acetyl  derivative 
when  heated  with  acetic  anhydride  in  glacial  acetic  acid  solution. 

In  the  hope  of  obtaining  a  diazoamine  by  the  use  of  a  diazo-complex 
of  large  molecular  volume,  8-nitro-^-naphthylamine  (2  mols.)  was 
treated  with  nitrous  acid  (1  mol.),  but  after  the  addition  of  sodium 
acetate  a  dark  red  precipitate  was  obtained  which  gave  an  intense  blue 
coloration  with  sulphuric  acid,  and  was  hot  decomposed  by  cold  hydro- 
chloric acid  ;  this  was  evidently  therefore  an  aminoazo-compound,  but 
was  not  further  examined. 


Rate  of  Reaction  of  "  G "  and  "  R  "  Salts  with  Diazonium  Salts. 

The   different   behaviour  of   these  isomeric  yS-naphthol  disulj)honic 
acids. 


OH 


G  "  salt. 


towards  diazonium  compounds  has  long  been  known,  but  hitherto  a 
strict  comparison  between  the  action  of  the  salts  under  identical 
conditions  has  not  been  instituted.  For  this  purpose  a  dilute  alkaline 
solution  of  "  G  "  or  of  "  R  "  salt  was  brought  into  contact  with  the 
solution  of  the  diazonium  salt,  and  after  definite  intervals  of  time  the 
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amount  of  uncombined  ^;-toluenediazonium  chloride  was  estimated  in 
the  form  of  /)-tolueneazo-^-naphthol,  as  previously  described. 

In  the  first  set  of  experiments,  the  following  solutions  were 
prepared  : 

(a)  3-48  grams  of  "G"  salt  and  3-5  grams  of  sodium  carbonate  in 
200  CO.  of  water. 

(b)  A  solution  of  "  E. "  salt  of  the  same  composition. 

(c)  r07  grams  of  j^-toluidine  and  6  5  c.c.  of  concentrated  hydro- 
chloric acid  were  diazotised  with  0-69  gram  of  sodium  nitrite,  and  the 
resulting  solution  made  up  to  250  c.c. 

(d)  Five  grams  each  of  /3-naphthol  and  potassium  hydroxide  dis- 
solved in  200  c.c.  of  water. 

The  experiments  were  carried  ovit  at  0°  in  the  following  way. 
Fifty  c.c.  of  (a)  or  of  (b)  and  50  c.c.  of  (c)  were  thoroughly  mixed,  and 
after  definite  intervals  of  time  10  c.c.  of  the  mixture  were  run  into 
50  c.c.  of  (d) ;  the  precipitate  of  ^-tolueneazo-^-naphthol  was  collected, 
washed,  and  weighed.  The  results  are  expressed  in  the  table,  in  which 
the  second  and  third  columns  give  the  weight  of  ^-tolueneazo-^- 
naphthol  and  the  percentage  of  uncombined  diazonium  salt  respectively 
for  the  solution  containing  the  "G"  salt,  and  the  fourth  and  fifth 
columns  the  corresponding  data  for  the  "  R  "  salt. 


Time  in  ininute.s. 
0 

II. 

0-0486 

III. 
100-0 

IV. 
0-0486 

V. 
1000 

2 

0-0480 

98-8 

0-0032 

6-6 

5 

0-0466 

95-8 

nil 

10 

0-0415 

84-4 

j> 

20 

0-0402 

82-8 

)> 

120 

0-0354 

72-8 

5» 

14  hours 

0-0190 

39-0 

)i 

In  this  series  of  experiments  a  viscous  precipitate  separated  directly 
the  solutions  of  the  "  R "  salt  and  of  the  diazonium  chloride  were 
mixed,  a  proceeding  which  may  have  tended  to  vitiate  the  comparison. 
A  second  series  was  therefore  performed  with  the  following  solutions : 

(a)  3-48  grams  of  "  G  "  salt  in  500  c.c.  of  water. 

(b)  3-48  grams  of  "R"  salt  in  500  c.c.  of  water. 

(c)  A  solution  made  by  diazotising  1  gram  of  /)-toluidine  and 
diluting  to  500  c.c. 

(d)  A  solution  containing  0*0144  gram  each  of  )3-naphthol  and 
(lotassium  hydroxide  per  c.c. 

Two  hundred  c.c.  of  (a)  or  of  (b)  were  mixed  with  30  c.c.  of  ^-sodium 
caibonate  solution  and  200  c.c.  of  (c).  A  precipitate  did  not  separate. 
After  definite  intervals  50  c.c.  of  the  mixed  solutions  were  added  to 
20  c.c.  of  (d)  and  the  precipitated  azo-compound  ti-eated  as  before. 
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Time  in 

minutes. 

II. 

III. 

IV. 

V. 

0 

01131 

100-0 

0-1134 

100-0 

5 

0-1062 

94-0 

0-0143 

12-6 

15 

00956 

84-5 

nil 

180 

0-0873 

77-2 

» 

24 

llOlll'S 

0-0351 

31-0 

>» 

These  figures  indicate  very  clearly  the  steric  hindrance  produced  hj 
the  presence  of  the  SO3H  group  in  position  8. 

Sodium  l-Bromo-l3-naphthol-8-sulphonate. 

A  cold  saturated  aqueous  solution  containing  25  grams  of  sodium 
^-naphthol-8-sulphonate  (1  mol.)  was  slowly  ti-eated  with  16  grams 
(1  mol.)  of  bromine.  The  halogen  quickly  disappeared,  and  the  solution 
became  warm  and  acquired  a  dark  green  colour  which  changed  to 
reddish-brown.  After  several  hours  the  brown  precipitate,  which 
showed  an  acid  reaction,  was  collected,  washed  once  with  a  strong 
solution  of  sodium  hydroxide,  and  thrice  recry stall ised  from  Avater, 
whereby  the  substance  was  obtained  in  colourless,  glistening  leaflets 
which  turn  brown  in  the  air. 

1-2106  lost  0-1667  at  110°.     H20  =  13-8. 

C^oHgO^BrSNa,3H.,0  requires  ^20=14-2  per  cent. 
0-3689,  dried  at  110°,  gave  0-2104  AgBr.     Br  =  24-3. 
CjoH^O^BrSNa  requires  Br  =  24-6  per  cent. 

Behaviour  with  ^-Toluenediazonium  Chloride. — A  solution  containing 
0-9  gram  of  the  anhydrous  salt  was  treated  with  the  diazonium  chloride 
obtained  from  0-3  gram  of  /j-toluidine.  After  the  addition  of  sodium 
acetate  the  mixture  was  thoroughly  stirred.  The  colour  of  the  solution 
did  not  change  for  several  hours,  when  it  became  red.  After  five 
minutes,  three  hours,  and  nine  hours  respectively,  25  c.c.  of  the 
solution  were  added  to  an  alkaline  solution  of  /?-naphthol,  and  the 
weights  of  the  washed  and  dried  jo-tolueneazo-^-naphthol  were  : 

0-1230  gram  after  5  minutes 
0-1232  „  3  hours 

0-1226  „  9     „ 

Evidently  the  group  in  position  8  had  completely  hindered  the 
elimination  of  the  halogen  by  the  diazonium  salt.  For  comparison, 
sodium  l-bromo-/3-naphthol-6-sulphonate  was  treated  with  /^-toluene 
diazonium  chloride,  when,  after  the  addition  of  sodium  acetate,  a  dark 
red  solution  was  immediately  obtained,  from  which  excess  of  sodium 
acetate  precipitated  tlie  sodium  salt  of  an  azo-compound  which  was 
free  from  halogen.     The  free   acid   was  dark  red   in  coloui*,  whereas 
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/»-tolueneazo-^-naphthol-6-sulphonic  acid  prepared  directly  from  its  con- 
stituents forms  bright  red  crystals  with  a  green  reflex.  This  difference, 
together  with  the  fact  that  benzeneazo-^-naphthol,  obtained  from 
l-bromo-/8-naphthol  and  benzenediazonium  chloride,  is  very  difficult  to 
crystallise,  makes  it  advisable  to  examine  more  thoroughly  the 
elimination  of  the  halogen  from  brominated  naphthols  by  diazonium 
salts. 

I  desire  to  express  my  indebtedness  to  the  Research  Fund  Committee 
of  the  Chemical  Society  for  a  grant  which  has  partly  defrayed  the 
expense  of  this  investigation. 

East  London  College. 


CXLIX. — Electrolytic  ReductioJi.     I.     Aromatic 
Aldehydes. 

By   Herbert   Drake   Law. 

The  first  account  of  the  reduction  products  of  the  aromatic  aldehydes 
obtained  by  means  of  an  electric  current  was  given  by  Kaufmann 
[Zeit.  Elektrochem.,  1895,  2,  365),  who  showed  that  benzaldehyde  in  a 
sodium  bisulphite  solution  yielded  a  mixture  of  a  small  quantity  of 
hydro-  and  isohydro-benzoin  at  the  cathode.  At  a  later  date  the  same 
author  stated  that  a  much  better  yield  was  obtained  when  alcoholic 
solutions  were  used,  employing  sodium  hydroxide  as  electrolyte  {Zeit. 
Elektrochem.,  1898,  4,  461).  Benzoin,  benzil,  and  acetophenone  all  gave 
products  similar  to  the  above,  the  reaction  taking  place  presumably  in 
the  following  manner  : 

OH 

X-CO-Y    +    NaOH    =   X-C-ONa, 

Y 

r      OH      1                          OH       OH 
2j  X-C-ONa  I    +    2H   =   X-C C-X   +   2NaOH. 

I        Y  !  Y  Y 

In  1902,  Elbs  and  Brand  {Zeit.  Elektrochem.,  8,  784)  obtained 
similar  results  with  a  number  of  ketones,  but  here  the  reaction  often 
proceeded  a  stage  further  and  the  alcohol  corresponding  to  the  aldehyde 
was  produced. 

In   the   present   work   the  first  experiments   were  conducted   with 
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benzaldehyde  in  alcoholic  solution^;,  using  potassium  hydroxide  as  the 
electrolyte.  An  almost  theoretical  yield  of  isohydro-  and  hydro-benzoin 
was  obtained  together  with  a  very  small  quantity  of  resinous  matter, 
which  was,  however,  not  sufficient  to  interfere  with  the  reaction.     The 

introduction  of  such  groups  as  -OH,  -OCH3,  ^^^CHg      into      the 

benzene  nucleus  was  found  also  to  interfere  to  no  considerable 
extent  with  the  main  reaction.  Such  aldehydes  as  furfurol  and. 
cinnamaldehyde,  which  contain  an  unsaturated  carbon  atom,  yielded 
nothing  but  a  resinous  product.  The  latter  agrees  with  the  anodic 
phenomenon  and  confirms  the  statement  already  made  (Trans.,  1906, 
89,  1437),  that  unsatm-ated  aldehydes  polymerise  under  the  influence 
of  an  electric  strain.  Benzoin,  piperonyloin,  anisoin,  and  cuminoin  all 
yield  similar  products,  of  which  tetraphenylerythritol  may  be  taken  as 
a  type.  The  appearance  of  such  substances  as  anisil  is  remarkable, 
however,  and  no  explanation  is  given. 

Description  of  the  Apparatus. 

Throughout  this  research  the  same  form  of  apparatus  was  used. 
The  cathode  compartment  consisted  of  a  cylindrical  porous  pot,  having 
a  capacity  of  120  c.c.  This  was  thoroughly  cleaned  by  forcing  first  a 
dilute  solution  of  sodium  hydroxide  and  then  dilute  sulphuric  acid 
through  the  walls  to  remove  the  soluble  metallic  impurities.  Such  a 
porous  pot  was  fitted  with  a  trebly-bored  rubber  stopper  carrying  a 
dropping  funnel,  a  short  delivery  tube,  and  a  short  glass  tube  to  hold 
the  electrode.  In  each  case  the  cathode  was  bent  in  the  form  of  a 
cylinder,  and  was  fixed  in  position  by  means  of  sealing-wax ;  it  had  an 
area  of  17"5  sq.  cm.  on  one  side.  The  hydrogen  escaping  from  the 
apparatus  was  conducted  to  a  graduated  measuring  cylinder  inverted 
over  water,  and  the  volume  read  off  from  time  to  time.  The  anode 
compartment  was  a  beaker  about  10  cm.  deeper  than  the  porous  pot, 
containing  a  stout  platinum  wire  to  act  as  anode.  Three  such  sets  of 
apparatus  were  coupled  in  series  with  an  adjustable  rheostat  and 
twelve  accumulators.  One  piece  of  apparatus  was  used  as  a  hydrogen 
coulombmeter  and  the  other  two  for  reduction  purposes,  one  being  a 
duplicate  of  the  other.  In  this  way  the  total  hydrogen  reacting  at  the 
cathode  could  be  measured  from  the  difference  in  the  water  levels  of 
the  coulombmeter  and  the  reduction  apparatus.  In  many  cases  the 
product  was  precipitated  dm-ing  the  experiment  on  to  the  cathode,  but 
did  not  interfere  with  the  reaction  as  is  the  case  in  acid  solutions. 
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Guminaldehyde, 

The  cathode  soh;tion  measured  75  c.c.  and  contained  5  grams  of 
cuminaldehyde,  50  c.c.  of  absolute  alcohol,  5  per  cent,  of  potassium 
hydroxide,  the  remainder  being  distilled  water.  The  cathode  was 
either  polished  nickel  or  platinum,  and  the  current  of  1  ampere  was 
continued  for  two  to  three  hours.  At  the  end  of  the  experiment 
360  c.c.  of  hydrogen  had  been  absorbed,  whilst  the  theoretical  amount 
calculated  from  the  equation 

2C3H--C6H4-CHO  +  2H  =  C3H7-CeH4-CH(OH)-CH(OH)-C6H,-C3Hy 

is  375  c.c.  No  solid  had  separated  and  the  cathode  solution 
was,  therefore,  precipitated  by  water.  The  product  weighed  nearly 
5  grams.  This  was  washed  with  hot  light  petroleum  and  filtered 
from  the  insoluble  portion.  The  latter  weighed  2  grams,  and  after 
crystallisation  from  heavy  petroleum  melted  finally  at  137°.  This  was 
found  to  be  hydrocuminoin.  The  portion  soluble  in  light  petroleum 
was  recovered  and  recrystallised  several  times  and  in  each  case  the  final 
product  was  the  above  substance  melting  at  137°.  The  residue  always 
melted  at  90 — 92°,  but  continued  to  yield  a  further  quantity  of  the 
substance  of  high  melting  point  on  further  purification.  This  may 
have  been  due  to  the  gradual  conversion  of  the  one  into  the  other 
during  the  process  of  crystallisation.  The  substance  melting  at 
90 — 92°  gave  the  following  result  on  analysis  : 

0-1017  gave  0-2990  CO2  and  0-0757  H^O.     C  =  80-14;  H  =  8-27. 
CgoHogO.^  requires  C  =  80-53  ;  H  -  8-72  per  cent. 

This  is,  therefore,  probably  i&ohydrocuminoin  containing  a  little 
hydrocuminoin.  In  addition  to  these  two  substances  there  was  formed 
also  a  small  quantity  of  resinous  matter  which,  on  long  standing, 
deposited  a  little  more  mixed  product. 

Piperonaldehyde. 

The  solution  in  the  cathode  compartment  contained  5  grams  of 
piperonaldehyde,  38  c.c.  of  absolute  alcohol,  5  per  cent,  of  potassium 
hydroxide,  and  the  whole  was  made  up  to  75  c.c.  with  water.  The 
cathodes  were  either  polished  nickel  or  platinum.  A  current  of 
1  ampere  was  passed  through  this  solution  for  three  to  four  hours.  At 
the  end  of  that  time  a  yellow  solid  had  separated  from  the  solution, 
which  was  then  filtered.  The  amount  of  hydrogen  absorbed  during 
this  process  was  350  c.c,  whilst  that  required  by  the  equation 

2CH.;02:CeH3-CHO  +  2H  - 

ch2:02:c6H3-oh(OH)-ch(oh)-C6H3:o.;gh3 
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is  370  c.c.  It  was  expected,  therefore,  that  an  almo-t  theoretical  yield 
of  hydropiperonyloin  had  been  obtained.  The  part  remaining  in  the 
alcoholic  solution  was  precipitated  by  means  of  water  and  filtex^ed. 
The  two  portions  obtained  in  this  way  weighed  almost  5  grams  and 
were  present  in  equal  quantities.  The  yellow  solid  which  had 
separated  during  the  experiment  was  crystallised  twice  from  amyl 
alcohol  and  the  melting  point  was  found  to  be  200°.  This  substance 
is  soluble  with  difficulty  in  organic  solvents,  and  is  undoubtedly 
hydropiperonyloin,  the  melting  point  of  which  is  given  as  202°.  The 
other  portion  was  crystallised  twice  from  benzene  and  the  melting  point 
was  found  to  be  1 32°.  This  substance  is  therefore  ^sohydropiperonyloin 
(m.  p.  132°).  Both  the  above  compounds  were  first  prepared  by  Fittig 
a.nd  Remsen  (Annalen,  1871,  159,  130)  by  reducing  piperonal  with 
sodium  amalgam. 

Anisaldehyde. 

The  solution  at  the  cathode  contained  5  grams  of  anisaldehyde,  38 
c.c.  of  alcohol,  5  per  cent,  potassium  hydroxide,  and  the  whole  was 
made  up  to  75  c.c.  with  distilled  water.  The  cathodes  used  were 
composed  either  of  polished  platinum  or  nickel.  A  current  of  1  ampere 
was  allowed  to  pass  through  the  solution  for  two  to  three  hours,  at  the 
end  of  which  time  380  c.c.  of  hydrogen  had  been  absorbed.  Accord- 
ing to  the  equation 

2CH30-C,H4-CHO  +  2H  =  CH30-C6H4-CH(OH)-CH(OH)-0,,H,-OCH3, 

410  c.c.  are  required,  which  is  a  very  close  agreement.  At  the  end  of 
the  experiment,  part  of  the  product  had  separated  and  was  removed 
by  filtration  from  the  alcoholic  solution.  The  latter  was  poured  into 
water  to  precipitate  the  soluble  matter.  These  two  portions  were 
almost  equal  in  weight,  the  total  amount  being  5  grams.  The  insoluble 
portion  was  crystallised  twice  from  alcohol,  when  the  melting  point 
was  found  to  be  170°.  The  other  part,  after  being  crystallised  from  a 
mixture  of  alcohol  and  water,  and  finally  from  benzene,  melted  at  113°. 
These  two  substances  were  therefore  hydroanisoin  (m.  p.  168°)  and 
tsohydx'oanisoin  (m.  p.  110°)  respectively  {Annalen,  1871,  159,  130). 

Vanillin. 

In  this  case,  it  was  quite  essential  to  prevent  the  free  access  of  air 
from  the  cathode  compartment  and  to  keep  the  temperature  as  low  as 
po.ssible  with  running  water,  otherwise  the  product  was  entirely 
resinous.  The  cathode  solution  measured  75  c.c,  and  contained  5 
grams  of  vanillin  and  5  per  cent,  of  potassium  hydroxide,  the  remainder 
being  water.  A  current  of  1  ampere  was  passed  through  this  solu- 
tion for  two  and  a  half  to  throe  hours,  at  the  end  of  which  time  380 
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c.c.  of  hydrogen  had  been  absoi'bed,  whilst  only  370  c.c.  were  neces- 
sary for  the  production  of  hydrovanilloin.  The  cathodes,  which  were 
similar  to  those  used  in  previous  experiments,  always  became  covered 
with  a  dark  brown  deposit.  The  cathode  solution  was  acidified  with 
hydrochloric  acid  and  allowed  to  stand  until  no  more  crystals  separ- 
ated, and  a  product,  amounting  to  80  per  cent,  of  the  theory,  was 
obtained.  The  crude  substance  always  contained  a  quantity  of  resin, 
which  was  removed  by  washing  with  chloroform.  The  insoluble  residue 
melted  at  222°  and  -wa.?,  hydrovanilloin.  No  definite  product  was  obtained 
from  the  resin,  but  it  is  probable  that  it  contained  some  isomeric  com- 
pound. The  yield  of  pure  hydrovanilloin  was  45  per  cent,  of  the 
theory. 

Salicylaldehyde. 

The  product  in  this  case  is  even  more  readily  influenced  by  changes 
of  the  conditions  than  is  vanillin.  It  is  absolutely  essential  to  exclude 
the  free  access  of  air  during  the  experiment,  and  the  best  results  were 
obtained  with  low  current  densities.  The  cathode  solution  contained 
5  grams  of  salicylaldehyde  and  5  per  cent,  of  potassium  hydroxide, 
the  total  volume  of  the  solution  being  75  c.c.  In  this  case,  no  alcohol 
was  required,  the  substance  being  readily  soluble  in  the  alkaline  solu- 
tion. A  current  of  0"2  ampere  was  used,  and  the  whole  apparatus  was 
kept  cool  by  means  of  cold  water.  The  experiment  was  allowed  to 
proceed  until  no  more  hydrogen  was  observed  and  was  complete  in 
eight  to  nine  hours.     According  to  the  equation 

2HO-C6H4-CHO  -h  2H  =  HO-CgH4-CH(OH)-CH(OH)-C,.H4-OH, 
410  c.c.  of  hydrogen  are  required  to  complete  the  reaction,  whilst  in  an 
actual  experiment  460  were  absorbed.  The  mixtui'e  was  diluted  with 
water  and  several  grams  of  potassium  bicarbonate  added.  The  solution 
was  kept  cool  with  ice  or  cold  water  and  precipitated  with  dilute  hydro- 
chloric acid.  It  was  found  necessary  to  proceed  in  this  manner,  as  acids 
stronger  than  carbonic  acid  caused  the  substance  to  darken  considerably 
during  theprecipitation,and  at  the  same  time  effected  no  separation  of  the 
two  substances  formed.  The  first  portion  precipitated  was  a  white,  amor- 
phous powder  which  could  not  be  obtained  in  a  crystalline  state.  It 
was  purified  by  dissolving  in  sodium  hydroxide  and  reprecipitating  with 
hydrochloric  acid.  It  begins  to  soften  at  122°  and  chars  at  147° 
without  melting. 

0-1004  gave  0-2490  COg  and  0-0561  HgO.     0  =  67-91  ;  H  =  6-21. 
C14H14O4  requires  0  =  68-29  ;  H  =  5-70  per  cent. 

The  substance  is  therefore  hydrosalicyloin,  or  a  mixture  of  isohydro- 
and  hydro-salicyloin.     The  yield  was  70  per  cent,  of  the  theory. 

The  solution  on  standing  for  several  days  deposited  a  further 
quantity   of    a    substance   which,    on    being  crystallised    from    dilute 
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alcohol,  melted   at    113°.      On   analysis,  the    following   results   were 
obtained  : 

0-1015  gave  0-2950  COo  and  0-0481  HgO.     0  =  79-26;  H  =  5-26. 
Oj^HjoOo  requires  0  =  79-24  ;  H  =  5-66  per  cent. 

A  molecular  weight  determination  by  the  freezing-point  method  in 
benzene  solution  gave  the  values  197  and  196. 

A  compound  of  the  above  formula  requires  M.W.  =  212,  which 
agrees  fairly  closely  with  the  experimental  result.  The  substance, 
which  is  insoluble  in  caustic  alkalis,  is  readily  attacked  by  bromine, 
evolving  dense  fumes  of  hydrobromic  acid.  In  this  respect  it  behaves 
like  the  secondary  alcohols  of  the  benzene  series,  and  from  the  method 
of  preparation  such  a  compound  was  to  be  expected.     It  is  therefore 

HO-OH OH-OH 


probably  9  :  10-dihydroxyphenanthrene, 

Reactions  similar  to  these  will  l^e  investigated  in  the  near  future. 

Furfurol. 

This  substance  in  alkaline  solutions  was  completely  converted  into 
a  semi-solid,  tarry  mass  very  closely  resembling  the  product  obtained 
by  electrolytic  oxidation.  In  sulphuric  acid  solution  the  mixture  was 
often  oily  in  appearance,  and  contained  considerable  quantities  of 
furan  carbinol,  the  main  portion,  however,  always  being  of  a  resinous 
nature. 

Cinixamaldehyde. 

This  unsaturated  compound  behaves  exactly  like  furfurol,  the  main 
product  being  tar. 

Anisoin. 

Five  grams  of  this  substance  were  dissolved  in  55  c.c.  of  alcohol, 
and  the  whole  was  made  up  to  70  c.c.  with  water.  Sufficient  potassium 
hydroxide  dissolved  in  5  c.c.  of  water  was  added  to  give  a  5  per  cent, 
solution.  Oomplete  solution  was  effected  only  by  keeping  the  mixture 
warm,  and  then  a  beautiful  purple  .solution  was  obtained.  A  current 
of  1  ampere  was  passed  through  this  solution  for  eight  hours,  at  the 
end  of  which  time  the  reaction  was  complete.  The  cathodes  used  were 
either  platinum  or  nickel.  When  the  experiment  was  finished,  part 
of  the  product  had  separated  from  the  .solution  and  was  removed  by 
filtration.  This  insoluble  portion  was  dissolved  in  pyridine  and  frac- 
tionally precipitated.  In  this  manner  a  white,  flocculent  mass  was 
obtained  which  gave  the  following  result  on  analysis  : 

0-1020  gave  0-2630  OOg  and  0-0580  HgO.     0  =  70-32;  H  =  632. 
^82^34^8  I'equires  0  =  7033  ;  H  =  6-23  per  cent. 
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The  substance  is  therefore  tetra-anhylerythritol,  possessing  the  con- 

StltutlOn  3  6  I  4  ,64  3 

CH30-C6H,-CH(OH)- C  (OH)-C(OH)-CH(OH)-C6H,-OCH; 
The  portion  still  in  solution  was  precipitated  by  pouring  into  water, 
when  a  yellow  solid  was  obtained.  This  was  washed  several  times 
with  small  quantities  of  boiling  methyl  alcohol,  and  from  the  first  of 
the.-e  washings  crystals  of  a  yellow  substance  separated  on  cooling, 
but  the  latter  portions  gave  a  semi-solid  mass  which  was  only  partially 
crystalline.     These  crystals  melted  sharply  at  132°,  and  on  analysis  : 

0-1016  gave  0-2667  00^  and  0-0512  HoO.     C  =  71-40;  H  =  5  58. 

Molecular  weight  in  benzene  solution  =  251. 

CioHiA  requires  0  =  71-11  ;  H  =  5-18  per  cent.,  and  M.W.  =  270. 

The  substance  is  therefore  anisil  (m.  p.  133°).  The  formation  of 
this  diketone  at  the  cathode  is  diificult  to  explain ;  it  is  certainly  not 
a  primary  product  of  the  reduction. 

The  semi-solid  mass  was  not  treated  further  as  no  crystalline 
product  could  be  obtained.  On  long  standing,  further  crystals  of 
anisil  were  deposited,  but  these  could  not  be  removed  completely. 

The  insoluble  portion  left  after  the  washing  with  hot  alcohol 
amounted  to  35 — 40  per  cent,  of  the  whole. 

Cuminoin. 

Five  grams  of  this  substance  were  dissolved  in  55  c.c.  of  alcohol  to 
which  7-5  c.c.  of  a  50  per  cent,  solution  of  potassium  hydroxide  were 
added,  and  the  whole  was  made  up  to  75  c.c.  with  water.  A  purple 
solution  was  obtained  which  was  kept  warm  in  order  to  prevent  part 
of  the  cuminoin  from  crystallising  out.  The  cathode  was  composed  of 
either  polished  platinum  or  nickel,  and  a  current  of  1  ampere  was 
passed  until  no  more  hydrogen  was  absorbed.  The  reduction  was 
complete  in  two  to  three  hours,  when  part  of  the  product  had  been 
precipitated  from  the  solution.  This  portioo,  which  amounted  to 
40  per  cent,  of  the  cuminoin  employed,  was  dissolved  in  a  mixture  of 
hot  alcohol  and  pyridine,  and  precipitated  fractionally  with  water.  In 
this  manner  a  white,  flocculent  product  was  obtained,  which,  after 
drying  on  a  porous  plate,  formed  a  white,  semi-transparent,  brittle  mass 
resembling  cellulose  in  appearance. 

0-1010  gave  0-3030  00^  and  0-0808  HgO.     0  =  81  02  ;  H  =  8-88. 
O40HJ0O4  requires  0  =  80-81  ;  H  =  8-42  per  cent. 

Tliis  substance  is,  therefore,  tatrcbcuminylerythritol,  possessing  the 
formula 

03H7-OcH4-CH(OH)-C(OH)-C(OH)-OH(OH)-OgH,-0,H/ 


AROMATIC    ALDEHYDES.  1519 

It  is  soluble  only  in  acidic  and  basic  organic  solvents,  from  which  it 
can  be  precipitated  as  an  amorphous  powder  melting  at  210 — 212°. 
The  filtrate  from  the  crude  product  was  poured  into  water,  and 
2  grams  of  a  viscid,  semi-solid  mass  were  obtained.  This  was  dissolved 
in  alcohol,  which  was  allowed  to  evaporate  very  slowly,  and  the  solid 
matter  separated  from  the  resinous  part.  The  former  was  then  carefully 
crystallised  from  a  mixture  of  pyridine  and  water,  when  a  white, 
crystalline  substance  was  obtained  melting  sharply  at  81°.  This 
proved  to  be  cuminil  (m.  p.  84°),  but  the  yield  was  very  small. 

Piperonyloin. 

Five  grams  of  this  substance  were  dissolved  in  55  c.c.  of  alcohol,  to 
which  were  added  7*5  c.c.  of  a  50  per  cent,  solution  of  potassium 
hydroxide.  The  mixture  was  then  made  up  to  75  c.c.  with  distilled  water, 
and  warmed  to  keep  the  whole  of  the  piperonyloin  in  solution.  As 
the  experiment  proceeded,  however,  the  whole  remained  dissolved,  as 
the  product  is  very  soluble  in  alcoholic  potash.  The  fresh  solution 
was  violet,  but  after  the  experiment  was  finished  this  had  changed  to 
yellow.  When  the  reduction,  which  I'equired  from  two  to  three  hours, 
was  complete,  the  whole  was  poured  into  water  to  precipitate  the 
product,  which  amounted  to  4'5  grams.  This  was  dried  and  extracted 
with  ether.  The  residue  was  a  white,  amorphous  mass,  quite  insoluble 
in  neutral  organic  solvents,  but  readily  soluble  in  acetic  acid  or 
pyridine.  It  was  purified  by  dissolving  in  a  mixture  of  pyridine  and 
alcohol,  from  which  it  was  precipitated  on  cooling  as  a  white,  floccu- 
lent  precipitate  (m.  p.  203 — 205°),  resembling  cellulose  in  appearance ; 
yield,  35  per  cent.     On  analysis  : 

0-1035  gave  02432  CO^  and  0-0433  H.O.     C  =  64-08  ;  H  =  4-65. 
C^gHggOj.,  requires  C  =  63  79  ;  H  =  4-32  per  cent. 

This  substance  is  therefore  tetrapijieronyhrythrilol, 

CH^IOoIQHs     CeHs-CHo.'O.^ 
CB2:0,:CyH3-CH(OH)-C(OH)-C(OH)-CH(OH)-CyH3:02:CH,. 

The  portion  soluble  in  ether  gave,  on  evaporation,  a  viscid,  yellow 
substance,  which  on  standing  in  a  vacuum  set  to  a  hard,  brittle  mass. 

This  was  evidently  a  mixture  of  at  least  two  substances,  and  from 
its  deep  yellow  colour,  and  by  analogy  to  anisoin  and  cuminoin,  it 
probably  contains  piperonil. 

Klkctrochk.mical  Laboratory, 

bokough  polyteuunic  institute, 
London. 
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CL. — Electrolytic  Reduction.     II.      Use  of  Electrodes. 

By  Hekbeut  Dkake  Law. 

During  some  preliminary  experiments  it  was  observed  that  benzalde- 
hyde  is  reduced  almost  entirely  to  hydro-  and  tsohydro-benzoin  on 
nickel,  platinum,  iron,  and  copper  cathodes,  the  velocity  of  the  reaction 
being  about  the  same  in  each  case.  The  potential  of  the  metal,  how- 
ever, varied  very  considerably  in  each  experiment,  and  also  during  the 
whole  series.  It  was  obvious,  therefore,  that  some  other  influence 
was  at  work  regulating  these  reactions.  We  may  suppose  that  the 
entire  reaction  takes  place  in  the  immediate  vicinity  of  the  cathode, 
causing  the  neighbouring  layer  of  solution  to  become  almost  free  from 
benzaldehyde.  The  actual  reduction  probably  takes  place  rapidly  in 
comparison  to  the  diffusion  of  the  substance  through  the  impoverished 
layer,  and  the  latter  process  therefore  determines  the  velocity  of  the 
reaction.     Let  C  represent  the  concentration  of  the  benzaldehyde  in 

do 
the  bulk  of  the  solution  and  C  that  at  the  cathode.     If  —   represents 

the  rate  of  diffusion,  then  the  following  relation  holds  good  when  C  is 
small  : 

(It 

This  also  represents  the  rate  of  hydrogen  absorption.  If  H  is  the 
total  amount  of  hydrogen  that  may  react  and  h  the  quantity  used 
after  a  time  t,  the  following  equation  results  after  substitution  and 
integration  : 

or 

He  ^'^^'^irrjr^' 

where  He  represents  the  hydrogen  liberated  in  the  coulombmeter. 

For  nickel,  platinum,  copper,  and  iron,  the  following  results  were 
obtained  : 

Nickel.  I  Platinum  and  Copper. 


He. 

n. 

11 -h. 

A'. 

He. 

H. 

H-h. 

A'. 

170  c.c. 

560  c.c. 

450  c.c. 

559 

330  c.c. 

560  CO. 

360  c.c. 

580 

440  ., 

J, 

315  „ 

566 

585  „ 

jj 

245  „ 

613 

63.5  .. 

J, 

245  ,, 

565 

800  „ 

J  J 

180  „ 

61« 

1110  ,, 

170  ,, 

466 

1080  ,, 

,j 

140  „ 

Sfjn 

1200  ,, 

'^ 

155  „ 

465 

1370  „ 

?  > 

90  ,, 

5t;u 

1420  „ 

,, 

140  .. 

424 
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Iron. 


He. 

H. 

H-h. 

K. 

200  c.c. 

560  c.c. 

425  c.c. 

599 

355  ,, 

340  „ 

519 

700  „ 

210  ,, 

608 

1000  ,, 

150  „ 

572 

1465  ,, 

95  „ 

526 

1640  ,, 

80  „ 

516 

In  these  results  the  order  of  magnitude  of  K  has  nob  been  taken 
into  account,  but  the  three  .series  are  comparable  among  themselves. 
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Hydrogen  in  coulombmeter  in  c.c. 

The  figures  are  taken  from  the  curves  in  Fig.  1.  The  constant  value 
of  K  proves  that  the  velocity  of  the  reaction  is  independent  of  the 
potential  of  the  cathode.  This  is  true,  however,  only  when  the 
factor  C  may  be  neglected.  In  a  previous  paper  (Chapman  and  Law, 
Analyst,  1906,  31,  3)  it  was  shown  that  the  following  relation  holds 
good  for  the  reduction  of  arsenious  oxide  : 

i/AsHs  oc  /iTas  X  Pa, 
which  may  be  expressed  as 

C  -  C"  oc  2C"  X  Ph 

for  benzaldehyde,  F^  being  a  factor  dependent  on  the  potential  of  the 

5  H  2 
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cathode.  As  C  is  very  small  in  general,  an  increase  in  the  factor 
Ph  is  practically  without  influence  in  the  velocity  equation.  If,  how- 
ever, the  cathodic  potential  becomes  very  small,  and  consequently  the 
factor  /"h  also,  C  gradually  approaches  C  in  value.  The  velocity  of 
the  reaction  then  decreases  and  finally  becomes  nil,  when  C  is  equal 
to  C.  Thus,  on  iron  and  platinised  platinum  electrodes  free  from 
catalytic  effects,  the  reduction  taking  place  is  very  small  (Fig.  5). 
The  above  equations  refer  to  stationary  electrodes  free  from  dis- 
turbing influences,  but  the  hydrogen  liberated  at  the  cathode  agitates 


Fig.  2. 
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the  solution,  and  the  reduction  takes  place  more  rapidly  than  the 
above  relation  allows,  or,  in  other  words,  the  constant  factor  in- 
creases at  first  and  decreases  towards  the  end  of  the  experiment. 
This  is  to  be  noticed  on  all  four  electrodes  mentioned  in  the  foregoing 
table.  The  same  phenomenon  is  recorded  by  Farup  (Zeit.  physikal. 
Cliem.,  1906,  54,  640)  for  the  reduction  of  azobenzene  with  rotating 
cathodes.  As  the  stirring  becomes  greater,  the  rate  of  reduction 
inci'eases  until  a  stage  is  reached  independent  of  the  diffusion. 

As  the  potential   of   the  cathode   increases,  the  reduction  becomes 
more  and  more  complex.     Thus,  in  the  case  of  lead  (Fig.  1),  the  curve 
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has  risen  higher  than  is  required  for  the  formation  of  hydrobenzoin, 
due  to  the  formation  of  a  small  quantity  of  benzyl  alcohol ;  more 
resin  also  is  produced. 

The  rate  of  diffusion  increases  with  rising  temperature,  causing  an 
accelei-ation  of  the  reduction  velocity.  This  may  be  seen  in  the  case 
of  aluminium  cathodes  (Fig.  3).  At  the  higher  temperature  more 
resin  is  also  formed,  which  interferes  with  the  reaction  and  causes  the 
curves  to  rise  more  slowly  than  they  would  do  otherwise  (Figs.  1 
and  3). 

Such  influences  as  do  not  materially  affect  the  rate  of  diffusion  or 
the  potential  of  the  cathode  have  little  or  no  action  on  the  velocity  of 


Fig,  3. 
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the  reduction.     Thus,   a  change  in  the  current  density  produces  only 

a  very  small  effect  on  the  factor  --—  (Fig.  6). 

dHc 

The  results  obtained  above  refer  chiefly  to  alkaline  solutions,  where 
the  reactions  are  moderately  simple.  When  sulphuric  acid  is  sub- 
stituted, the  resin  formation  is  greatly  increased.  The  production  of 
these  complex  substances  is  greatest  on  metals  having  a  high  super- 
tension,  as  in  the  case  of  lead.  As  the  potential  of  the  electrode  falls, 
the  quantity  of  resin  formed  diminishes,  until  on  copper  hardly  any  is 
produced.  Aluminium  and  platinum  occupy  an  intermediate  position. 
The  reaction  also  proceeds  further  than  in  alkaline  solutions,  benzyl 
alcohol   being    also    obtained    (Fig.    4).      In   the    case    of    lead,    the 
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velocity  of  the  reaction  proceeds  rapidly  at  first,  but  eventually  falls 
below  that  of  copper  in  spite  of  the  higher  potential  of  the  former  ;  at 
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the  same  time,  the  lead  electrode  becomes  thickly  coated  with  resin, 
which  screens  the  action  (Fig.    4).      The  reducing   efficiency   of    an 
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electrode   decreases   greatly   after   a   few   experiments.      The   curves 
marked  "old"   (Figs.   4  and  5)  were  obtained  in  the  same  manner 
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as  the  others,  but  old  electrodes  were  used.  The  straight  curve 
obtained  in  the  case  of  "  old  copper  "  was  due  to  the  gradual  recovery 
of  the  reducing  efficiency  of  the  electrode  caused  by  an  increase  of  the 
potential.  This  phenomenon  occurs  very  often  with  electrodes  whoso 
potential  is  below  the  normal  value.  It  was  noticed  most  often  in 
electrolytic  iron,  aluminium,  and  nickel,  the  potential  being  sometimes 
too  low  to  reduce  benzaldehyde  at  the  commencement  of  the  expein- 
ment.  This  is  caused  in  all  probability  by  metallic  impurities  of  low 
supertension  which  diffuse  into  or  become  coated  with  the  metal  con- 
stituting the  bulk  of  the  electrode  as  the  experiment  proceeds.  If 
such  cathodes,  which  have  recovered  in  this  manner,  are  exposed  to 
the  oxidising  action  of  the  air,  they  again  become  inefficient  for 
reduction  purposes,  due  to  this  etching  and  consequent  exposure  of  the 
impurities.     Tafel  also  has  recorded  similar  results. 

Experimental. 

The  experiments  were  all  conducted  in  the  manner  already  described 
in  the  preceding  paper.  The  results  were  plotted  in  the  form  of 
cur\7es,  the  ordinates  representing  the  hydrogen  absorbed  by  the 
aldehyde,  and  the  abscissae  giving  the  hydrogen  of  the  coulombmeter. 
The  potential  of  the  electrodes  was  measured  by  the  usual  Wheatstone 
bridge  arrangement  against  a  hydrogen  half  element.  In  the  curves 
repi'esenting  these,  the  ordinates  show  the  measured  potential 
(If  =0'00  volt),  whilst  the  abscissse  remain  as  before. 


Anisaldehyde. 

The  results  obtained  with  anisaldehyde  agreed  with  the  previous 
ones  (see  preceding  paper),  but  fewer  complications  occurred.  In  both 
acid  and  alkaline  solutions  a  mixture  of  hydro-  and  zsohydro-anisoin 
nearly  free  fi-om  resin  was  obtained  (Fig.  5).  Only  as  the  tempera- 
ture of  the  solution  rose  was  any  considerable  amount  of  resinous 
matter  formed.  Old  electrodes  behave  in  exactly  the  same  manner  as 
the  ones  already  described  (Fig.  5).  This  curious  behaviour  is  largely 
due  to  a  small  platinum  deposit,  and  may  completely  change  tlie 
character  of  the  reaction  (Law,  Trans.  Faraday  Soc,  19U6,  1,  72). 

Salicylaldehyde. 

In  this  case  a  very  small  increase  of  temperature  caused  the  product 
to  be  entirely  resinous  in  character.  Only  very  low  current  densities 
could  be  employed,  due,  no   doubt,   to  the  decreased   heating    effect 
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(Fig.  6).     Alkaline  solutions  were  used.     In  each  experiment  25  per 
cent,    moi'e    hydrogen    was    absorbed   than    the  simple   production   of 
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hydrosalicyloin  requires,  the  phenolic  radicle  also  having  been  attacked. 
Changes  of  concentration  in  the  electrolyte  between  5  and  10  per  cent. 


Fig.  7. 
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produced  hardly  any  effect  on  the  velocity  of   the  reaction,  exactly  as 
is  the  case  with  other  aldehydes. 
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Other  Aldehydes. 

These  experiments  were  all  conducted  in  alkaline  solutions,  except 
in  the  case  of  furfurol,  and  the  results  are  reproduced  in  Fig.  7. 
In  each  case  these  were  logarithmic  functions  of  the  hydrogen  in  the 
coulombmeter.  Thus,  in  the  case  of  benzil,  the  following  result  was 
obtained. 

He.  H.  E-h.  K. 

400  c.c.  800  e.c.  530  c.c.  449 

600     ,,  „  430     ,,  449 

800     ,,  ,,  350     ,,  445 

1000     „  „  280     ,,  ■         445 

1400     ,,  ,,  190     ,,  440 

The  remarkably  constant  value  of  K  is  due,  no  doubt,  to  the 
increased  velocity  of  the  reaction.  This  calculation  is  based  on  the 
assumption  that  the  product  is  tetraphenylerythritol,  which  is  nearly 
the  case  in  potassium  hydroxide  solution. 

Electrochemical  Department, 

Borough  Polytechnic  Institute, 
London. 


CLI. — Some  Derivatives  of  2-  and  3-Phenanthrol. 

By  Herbert  Henstock. 

The  primary  object  of  this  research  was  to  prepare  and  condense  to- 
gether two  molecules  of  a  phenanthrol  derivative,  water  being  eliminated 
according  to  the  scheme  : 


CaH  .  C  H  HC  *  C«H 

II  II    i'^ 


C6H3(OEt)-C-iOH     H|0-C-C6H3(OEt)' 

The  method  which  was  tried  for  the  preparation  of  the  phenanthrol 
consisted  in  heating  the  9-  or  10-diazo-compound  with  water,  but  this 
failed,  as  is  explained  in  the  experimental  portion  of  the  paper,  so  that 
the  initial  idea  could  not  he  carried  out.  Neither  the  2-  nor  the 
3-ethoxyphenanthrene  diazo-compounds  could  be  converted  into  the 
corresponding  ethoxyphenanthrols,  and  when  a  methoxy-compound  was 
prepared  in  like  manner  it  pioved  even  more  refractory. 

This  being  the  case,  the  diazo-compounds  themselves  were  isolated 
and  proved  very  interesting ;  they  are  both  pale  yellow,  tlocculent 
substances  which  are  very  difficult  to  obtain  in  a  crystalline  condition, 
and  lesemble  each  other  iu  most  rospecls.     They  differ,  however,  in 
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their  behaviour  under  the  action  of  heat;  whilst  the  2-compound  is 
fairly  stable  even  in  alkaline  solution,  the  3-compound  is  decomposed 
at  once  on  boiling,  or  in  the  cold  if  the  solution  is  previously  rendered 
alkaline. 

EXPEBIMENTAL, 

2-Phenanthryl  Ethyl  Ether. 

Fifteen  grams  of  2-phenanthrol  were  dissolved  in  a  solution  of 
30  grams  of  potassium  hydroxide  in  250  c.c.  of  water  and  the  solution 
well  cooled.  To  this  were  added  20  grams  (1*5  mols.)  of  diethyl 
sulphate,  the  mixture  being  well  shaken  at  frequent  intervals  and 
allowed  to  stand  overnight.  It  was  then  poured  into  about  1500  c.c. 
of  water,  which  was  well  stirred,  and  the  whole  allowed  to  stand  for 
half  an  hour.  The  ether  was  precipitated  as  a  white,  sandy  powder, 
which  was  separated  and  dried.  The  yield  was  17  grams.  On 
recrystallising  from  glacial  acetic  acid,  the  substance  was  obtained  in 
white,  shining  leaflets  which  melt  at  112°.  An  almost  quantitative 
yield  can  be  obtained  by  working  with  cold  solutions. 

The  substance  is  easily  soluble  in  ether,  benzene,  light  petroleum,  or 
chloroform,  sparingly  so  in  alcohol  or  glacial  acetic  acid,  and  insoluble 
in  water. 

0-1230  gave  0-3890  CO^  and  0-0710  H.p.     0  =  8626;  H-6-42. 
Cj^H^P  requires  0  =  86-47  ;  H=  6-30  per  cent. 

Nitration  of  the  Ether. 

Ten  grams  of  recrystallised  2-phenanthryl  ethyl  ether  were  dissolved 
by  warming  in  350  grams  of  glacial  acetic  acid,  and  the  solution 
cooled ;  concentrated  nitric  acid  was  then  added  until  a  slight 
permanent  precipitate  remained.  On  allowing  the  solution  to  stand, 
the  mononitro-derivative  was  slowly  precipitated  as  a  pale  yellow, 
amorphous  powder.  Yield  7*4  grams.  Recrystallised  from  petroleum 
of  high  boiling  point,  it  gave  long,  slender,  pale  yellow  needles, 
melting  at  157—158°. 

On  diluting  the  filtrate  with  a  large  quantity  of  water,  a  further 
quantity  (2  5  grams)  was  obtained. 

lO-Nitro-2  phenanthryl  ethyl  ether,  NOg'Cj^Hg'OEt,  dissolves  easily 
in  ether,  benzene,  or  chloroform ;  light  petroleum  is,  however,  mucii 
the  best  solvent  for  recrystallisation  purposes. 

A  much  larger  quantity  of  nitric  acid  is  required  in  the  preparation 
of  this  substance  than  in  the  case  of  the  nitro-derivative  of  the 
3 -series. 

0-2100  gave  10-2  c.c.  nitrogen  at  14°  and  727  mm.     N  =  5-45. 
Cj^HjgOgN  requires  5  24  per  cent. 
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10- A7nino-2-phenanthryl  Ethyl  Ether,  NHg'Oj^Hg-OEt. 

Ten  grams  of  the  nitro-compound  were  heated  with  50  grams  of 
granulated  tin  and  300  c.c.  of  fuming  hydrochloiuc  acid  for  one  and  a 
half  hours,  until  the  yellow  colour  had  disappeared.  The  liquid  was 
then  decanted  from  any  undissolved  tin,  which  was  washed  twice  with 
hydrochloric  acid  to  remove  any  adhering  substance.  The  solution 
was  then  cooled,  the  amino-hydrochloride  separated,  washed  with  cold 
water,  and  dissolved  by  heating  in  about  a  litre  of  water.  On  render- 
ing alkaline,  the  free  base  was  precipitated  as  a  white,  flocculent  mass, 
which  was  separated  and  dried.     Yield,  8  grams. 

On  recrystallisation  from  petroleum  of  high  boiling  point,  slender, 
colourless  needles  wei^e  obtained,  melting  at  127°. 

0-1305  gave  7-2  c.c.  nitrogen  at  20°  and  730  mm.     N  =  6-05, 
OjgHjgOlS"  requires  5 '90  per  cent. 


Sodium-2-ethoxy- 1 0-diazoj)henanthrene  Suljyhate, 
OEt-Ci^Hg-N2S04Na,6H20. 

One  gram  of  the  foregoing  amino-derivative  was  dissolved  in  about 
100  c.c.  of  dilute  sulphuric  acid  and  the  solution  cooled  to  about  7°, 
when  crystals  of  the  sulphate  appeared.  A  slight  excess  of  a  dilute 
solution  of  sodium  nitrite  was  added,  and  the  resulting  pale  yellow 
solution  filtered,  saturated  with  common  salt,  and  allowed  to  stand 
some  hours  in  a  cool  place,  "when  a  pale  yellow,  flocculent  precipitate 
was  obtained,  which  was  separated  and  dried.  To  purify  the 
substance  it  was  dissolved  in  cold  water  and  repreeipitated  by  saturat- 
ing the  solution  with  salt.     Yield,  1*2  grams. 

It  is  possible  to  keep  the  substance  for  a  considerable  time  in  the 
dark  without  decomposition  taking  place.  It  is  easily  soluble  in 
alcohol  and  water,  sparingly  so  in  chloroform,  and  insoluble  in  ether, 
light  petroleum,  or  benzene.  This  diazo-compound  is  very  stable  in  its 
behaviour  towards  reagents  and  under  the  action  of  heat ;  it  is  decom- 
posed only  on  boiling  for  fifteen  minutes  with  a  fairly  strong  solution 
of  sulphuric  acid.  It  does  not  explode  on  heating  in  a  dry  tube  nor  on 
concussion,  and  contains  no  chlorine. 

0-1  HO  gave  01684  CO.^,  0-0590  HgO,  and  0-0180  residue  (Na.^SO^). 
C  =  40-28;  H  =  5-73;  Na  =  5-ll. 
0-1521  gave  90  c.c.  nitrogen  at  18°  and  720  mm.     N  =  6-40. 
0-1020      „     0-0500  iia.SO.t.     S=6-66. 
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On  heating  in  a  di  y  tube  for  forty-five  minutes  at  85°  : 

0-1123  gave  0-0249  HgO.     H20  =  22-17. 
Ci^;Hi305N2SNa,6H20  requires  0  =  40-28;  H  =  5-73;  N  =  5-88; 
Na  =  4-83^;  8  =  672;   H,0  =  22-60  per  cent. 

On  adding  a  solution  of  platinic  chloride  to  a  strong  aqueous  solu- 
tion of  the  substance,  a  yellow  precipitate  of  the  platinichloride  was 
obtained,  which  was  separated,  washed  with  water,  and  dried. 

0-1777  gave  0-0370  Pt.     Pt  =  20-82. 

C32H2602N4ClgPt  requires  Pt  =  21-50  per  cent. 

From  moderately  strong  hydrochloric  acid,  this  salt  crystallises  with 
6  molecules  of  water. 

0-1680  gave  0-0326  Pt.     Pt  =  19-40. 

C32H2602N4Cl6Pt,6H20  requires  Pt  =  19-20  per  cent. 

On  reci^ystallising  the  pi-ecipitated  salt  very  slowly  from  dilute 
hydrochloric  acid  it  absorbs  12  molecules  of  water. 

0-1201  gave  0-0200  Pt.     Pt  =  17-30. 

Gs2^2p2^fik^^^'^^^2^  requires  Pt=  17-30  per  cent. 

The  diazo-compound  yielded  a  dark  brown  precipitate  with  an 
alkaline  solution  of  phenol. 

On  reduction  with  tin  and  hydrochloric  acid,  the  diazo-group  was 
eliminated  with  formation  of  2-phenanthryl  ethyl  ether. 

0-0444  gave  0-1408  COg  and  0-0269  H2O.     0  =  86-48  ;  H  =  6-73. 
CigH^^O  requires  0  =  86-47  ;  H  =  6-30  per  cent. 

Z-Ethoxyphenanthraquinonemono-oxime,  OEt'C\^H.^<^-|^-^-r,  . 

Half  a  gram  of  3-ethoxyphenanthraquinone  was  dissolved  in  150 
c.c.  of  absolute  alcohol,  0-2  gram  of  hydroxylamine  hydrochloride 
added,  and  the  mixture  heated  under  a  reflux  apparatus  for  two  hours 
on  a  sand-bath.  Part  of  the  alcohol  was  then  evaporated  and  the 
residue  allowed  to  stand.  On  cooling,  dark  green  leaflets  of  the 
oxime  melting  at  174°  were  obtained.     The  yield  was  0-2  gram. 

The  filtrate  was  carefully  evaporated  to  dryness  on  the  water-bath, 
and  after  extracting  with  warm  water  to  remove  hydroxylamine,  the 
residue  (0-35  gram)  was  separated  and  dried. 

On  crystallising  from  alcohol,  it  yielded  light  yellowish-green  leaflets 
melting  at  174°. 

The  substance  is  easily  soluble  in  chloroform  or  methyl  alcohol,  less 
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SO  in  ether  or  ethyl  alcohol.     The  dark  gieen  portion  is  not  as  soluble 
in  ethyl  alcohol  as  is  the  light  green. 

I,  Light  green  portion. 

0-1284  gave  6-2  c.c.  nitrogen  at  20°  and  726  mm.     N  =  5-27. 

II.  Dark  green  portion. 

0-1 1 34  gave  5-6  c.c.  nitrogen  at  20°  and  726  mm.     N  =  5-39. 
Cj^H^gOgN  requires  N  =  5"24  per  cent. 

It  is  possible  that  these  two  substances  are  stereoisomerides. 

2  :  7-Dibromo-lO-nitro-3-phenanthryl  Ethyl  Ether. 

One  gram  of  lO-nitro-3-phenanthryl  ethyl  ether  was  heated  with  0  45 
gram  of  dry  bromine  in  a  sealed  tube  for  four  hours  at  150 — 155°. 
On  opening  the  tube  it  was  found  that  the  substance  had  become 
yellowish-green  in  colour  and  that  the  whole  of  the  bromine  had 
disappeared ;  the  yield  of  the  dry  crude  product  was  1  gram.  By 
recrystallisation  from  petroleum  of  high  boiling  point,  greenish-yellow 
needles  were  obtained  (m.  p.  203°).  The  substance  dissolves  easily  in 
chloroform,  not  so  readily  in  light  petroleum  or  alcohol,  and  is  insoluble 
in  water. 

0-1280  gave  0  0820  AgBr.     Br  =  37-20. 

C^i^HjjOgNBrg  requires  Br  =  37-60  per  cent. 

The  position  of  the  bromine  atoms  follows  from  the  work  of 
J.  Schmidt  {Ber.,  1904,  37,  3558,  3568)  on  dibromo^ihenanthraquinone. 

\0-Amino-Z-phenanthryl  Ethyl  Ether. 

The  amino-compound  was  prepared  in  exactly  the  same  manner  as 
the  corresponding  derivative  of  the  2-series ;  the  reaction  in  this  case, 
however,  was  complete  in  about  half  an  hour. 

From  1  gram  of  the  nitro-compound  a  yield  of  0-55  gram  was 
obtained. 

On  recrystallising  from  petroleum  of  high  boiling  point,  a  fungus- 
like mass  of  very  slender,  white  needles  was  obtained  (m.  p.  94°). 

0-1656  gave  9-2  c.c.  nitrogen  at  23°  and  722  mm.     N  =  5-90. 
CjjjH^gON  requires  N  =  5-90  per  cent. 

Sudiu7n-3ethoxy-  lO-diazophenanthrene  iSulphate  ? 

Half  a  gram  of  the  amino-compound  was  diazotised  as  described  on 
p.  1529;  but  instead  of  isolating  the  diazo-compound,  the  solution  was 
heated    for    twenty    minutes    on    the    water-bath    with    the  object,  if 
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possible,  of  obtaining  the  3-ethoxy-lO-phenantlirol.  This,  however, 
failed,  for  after  a  few  minutes'  heating  a  purple,  flocculent  precipitate 
was  formed,  showing  that  this  diazo-compound  is  not  so  stable  as  that 
of  the  2-series.  It  was  afterwards  found  that  this  purple  precipitate 
is  obtained  on  rendering  the  solution  alkaline  with  sodium  hydroxide. 

Since  the  attempt  to  introduce  the  hydroxyl  group  in  place  of  the 
diazo-group  proved  unsuccessful,  another  portion  of  the  amino- 
compound  was  diazotised  and  the  solution  saturated  with  common 
salt,  when  the  diazo-compound  was  precipitated  as  a  pale  yellow  solid 
similar  to  that  of  the  2-series.  On  exposure  to  light  for  some  hours 
it  darkened  in  colour  and  finally  became  brown. 

It  does  not  explode  on  heating  in  a  dry  tube  or  on  concussion. 
It  contains  sulphur  and  sodium,  but  no  chlorine. 

0-1301  gave  02702  CO2  and  0-0662  H.p.    C  =  59-00;  H  =  5-84. 
0-1136     „     8-4  c.c.  nitrogen  at  23°  and  724  mm.  N  =  7-87  per  cent. 

This  analysis  does  not,  however,  agree  with  any  formula  similar  to 
that  for  the  2-diazo-compound,  and  the  substance  was  not  further 
investigated. 

This  research  was  carried  out  in  the  laboratories  of  the  Ziirich 
University  during  the  years  1903  and  1904,  and  the  author  desires  to 
express  his  best  thanks  to  Prof.  A.  Werner  for  his  kind  interest  and 
assistance. 


CLII. — The  Velocity  of  Chemical  Change  in  the  Poly- 
methylene  Series. 

By  Nicholas  Menschutkin,  sen. 

In  this  paper  an  attempt  is  made  to  apply  to  the  study  of  the  poly- 
methylene  ring  compounds  the  same  methods  for  the  determination  of 
the  velocity  of  certain  chemical  reactions  as  those  which  have  dis- 
played the  regularities  in  the  variation  of  the  velocity  with  the 
structure  of  carbon  and  heteroatomic  open  and  closed  chains. 

The  inquiry  was  commenced  some  years  ago,  with  the  substances 
extracted  by  W.  B.  Markownikoff  from  Caucasian  naphtha,  but  it 
was  abandoned,  as  only  isolated  members  of  the  polymethylene  series 
occur  in  nature.  Their  systematic  study  was  made  possible  only 
by  the  introduction  of  synthetical  methods  for  their  preparation. 
Sabatier's  method  of  hydrogenation  of  aromatic  substances  was  applied 
in  this  laboratory  by  my  assistant,  S.  Gvosdoff,  who  prepared  some 
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hexamethylcne  derivatives,  but  1  was  only  able  to  linish  the  work 
through  the  kinduess  of  N.  D.  Zeliusky,  Professor  at  the  Moscow 
University,  who  sent  me  several  alcohols  of  the  penta-,  hexa-,  and 
hepta-methylene  series,  and  I  wish  to  express  my  warm  thanks  to 
Messrs.  N.  Zelinsky  and  8.  Gvosdoff  for  their  assistance. 

I.  Methods  employed  and  their  Nu'tiierical  Ixesults. 

1.  EsUriJication  of  Voly methylene  Alcohols. — The  velocity  of  esterifi- 
cation  of  these  alcohols  was  determined  as  in  my  former  researches  on 
this  subject.  An  equimolecular  mixture  of  polymethylene  alcohol  and 
acetic  anhydride,  to  which  was  added  15  volumes  of  benzene,  was  heated 
for  the  necessary  time  at  100°  in  small  tubes,  each  containing  4  c.c.  of  the 
mixture,  quickly  cooled  in  ice-water,  and  broken  in  a  flask  contain- 
ing water.  After  twenty-four  hours,  the  acetic  acid  was  titrated 
with  a  weak  solution  of  baryta  (iV/30),  using  phenolphthalein  as 
indicator.  Taking  cycZopentanol,  for  example,  the  reaction  is  shown 
by  the  following  equation:  {^^Yi.^'OB.  +  (C^^^O)p  =  Q^Vl^-0'Q^^f>  + 
CoH^O^,.  The  esteiification  constant  C  is  calculated  for  the  bimole- 
cular  reaction  as  follows  : 

■:      1 


C-- 


A  —X  t 


where  .4  =  100,  x  the  extent  of  change  per  cent.,  and  t  the  time  in 
minutes. 

Under  the  above  conditions  the  esterification  of  the  polymethylene 
alcohols  proceeds  very  regularly.  In  order  to  illustrate  this,  I  give 
one  of  the  series  of  experiments  for  the  determination  of  the  esterifica- 
tion constant  of  cyc^opentanol. 

t. 
20 
40 
60 
90 


The  esterification  constants  of  other  polymethylene  alcohols  are 
given  in  the  following  table. 

Both  here  and  throughout  the  paper  the  carbon  atom  of  the  poly- 
methylene ring,  to  which  the  hydroxyl  group  is  attached,  is  denoted 
by  (1)  and  the  successive  carljon  atoms  by  the  numbers  2,  3,  4,  &c. 
Tliis  scheme  in  some  cases  does  not  agree  with  the  notation  already 
employed  for  carbon  atoms  in  polymethylene  rings. 

The  table  also  contains  some  details  of  the  characteristic  physical 
properties  of  the  sub.stauces  employed. 


X. 

C. 

27-68 

0-0191 

42-68 

0-0186 

.''.3-20 

0-0189 

62-94 

Mean 

0-0188 

0-0189 
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Pentamethylene  >Series. 

Esterification 
constants. 

13    ^2     ^\gH'OH  J  cj/fi7oPentanol(l)  ;    b.    p.    140-5°  ;|  n.A-|OQ 

k-CH./^               t     ./2l74°  =  0-9395.                           |  «  «^«« 

CHa'CHMe^  i2-Methylc?/cZopentanol(l)  ;    b.    p.l  q.^. 

J,TT       r,rT/                 1      148— 149°;  rf  14 -5°  =  0-9273.       I  ^^'^ 

Me-CH-CHo.  j3-Methylc2/cZopentanol(l);    b.    P- 1  00I66 

CH  -CH  /  I      151— 153°;  rf2174°  =  0-9122.      j    '^  ^^^'^ 

CHo-CHMe.  J2:4-Dimetliylc//dopentanol(l);      1    n-ovBl 

Me-in— ch/  1    ^- 1^- 1^^-^^^° '  ^nr=o-908.3. 1    «i-^i 

CHo'CHMe.  (2  :5-Dimethylcj/cZopentanol(l)  ;      | 

I  >CH-OH    \      b.    p.    160—161°;    d   18°/4°  =  V  0-0085 

CHs'CHMe/  [     0-8931  ;  [a]p  +6-72°.  j 

Hexamethylene  Series. 

VCH./CHaX  rc!/cZoHexauoI(l)  ;     b.     p.     160-6°) 

CH<4|     "  ?,       i>CH'OH  ]      (765-5  mm.) ;  rf  =  0-9471  ;  from  -  00138 

/CHo'CH.,"  I  l-Methylc?/cMiexauol(l)  ;    m.    p.  "l 

CH,<        '        ''>CMe-OH    \      26°;    b.    p.    168°   (752   mm.)  ;V  0-0004 

^CH^-Ch/  I     rf  23°  =  0-8983.  J 

CH^-CHMe^  j2-Methylc2/cZohexanol(l);     b.     P- I    0-0074 

CHo<^^^  _  ^^  /*^H  OH I     165—166°  ;  d  17°/4°  =  0-9225.      |  ^  ""'^ 

nunr    nrr"  r3-Methylc?/cZoheximol(l)  ;     b.     p.  i 

/CHMe-CH^.  J      9i.5_92-5°  (35  mm.)  ;  d  2174°  |_      oi39 

-\ou       ph/  1      -0-9137;    [a]„   -3-68°;    from  j 

CH.,--CH/  1^     pulegone.  j 

Me-CH/''''^''''''>H-OH    ['-'f^P}:j!t^-"^^i'^  ''    '^     ^H"  0-0152 

\cH2-Ch/  .  I     "^    ,rfO  -0  9328.  j 

/GHMe'CH,.  I  1  :  3-Dimetliylc2/cZohexanol(l)  ;        1 

CH2<  )CMe-OH  \      m.  p.  45—48°;  b.  p.  168°  (752'.  0-0003 

^CHa — CH./  I     mm.).  J 

/CHMe-CH2.  ( 0-2S-3  :  5-Dimethyk-?/cZyliexanol(l)  ;  \ 

CH2<  >CH-OH -      b.  p.  185°  (760  mm.);  (^21°=  V  00142 

^OHMe-CH/  [     0-9109.  j 

CHMe-CH2^^^_^^ -[^-"-^  =  5-Dimethylc|c-?ohexan-     1    o.quS 

■\cHMe-CH/  I     ol(l);m.  p.  3/-38.  j 

^CH^-CH^^  fcj/cZoHexylcarbinol  ;  b.  p.  76°  (12]    Q.0250 

\cH„-Ch/  t     mm.)  ;rfO°  =  0-944.  j 

^CHo-CHo  JcJ/c-ZoMethylhexylcarbinol;    b.    P- I    o-0071 

\CH  -CH  /  "i     ^^^  (^^  '""'-^  '  ^  0  =0"^^^^-      j 

Heptamethylene  Series. 
CHa-CH^-CHjN  f  cyeZoHeptanold)  ;  b.  p.  184°  (7421    Q.^jgi 

WcH,.6h/  1     --);^15"-0-9595.  j 

'h^ChC')'"'''''''' |l-Methylc,<^oheptauo^^  b.    p.  |  0-0003 
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These  esterification  constants  will  be  discussed  later. 

2.  Constant  of  the  Formation  of  Ethyl  cycXoHexyl  Ether. — Krafft's 
reaction  was  employed;  the  equation  being:  CgH5*S02*OC2H5  + 
C6Hii-OH  =  C2H5-0-C,,Hi^  +  CyH--S02-OH.  One  molecule  of  the 
benzenesulphonic  ester  was  mixed  with  15  molecules  of  c//c^ohexyl 
alcohol.  The  ordinary  solvents  cannot  be  used,  as  they  do  not  dis- 
solve the  sulphonic  acid  produced  by  the  interaction.  The  mixture  was 
heated  in  small  sealed  tubes  to  100°  during  the  number  of  minutes 
required,  and  then  the  tubes  were  broken  in  a  flask  containing  water, 
the  sulphonic  acid  formed  being  titrated  with  baryta  water.  The  reaction 
proceeds  according  to  the  logarithmic  law,  one  of  the  reacting  sub- 
stances being  in  large  excess  : 

C==log . 

A  -  X  t 

The  letters  have  the  same  signification  as  in  Section  1. 
The  following  series  shows  the  regularity  of  the  reaction  and  the 
values  obtained  for  C  : 

t. 
25 
44 
90 
125 


3.  Constants  of  the  Alkylation  of  Polymethylene  Ainines. — Taking 
cyc^ohexylamine,  for  example,  the  reaction  with  allyl  bromide  is 
represented  by  the  following  equation:  2C^Hj^*NH2  +  CgHgBr  = 
CgH^^-NH-CgHg -K  CgHii-NH2,  HBr. 

The  mixtui-e  of  2  molecules  of  amine  and  1  molecule  of  allyl  bromide 
was  added  to  15  volumes  of  benzene  and  heated  at  100°  in  sealed  tubes 
during  the  time  required.  The  hydrobi-omide  produced  was  titi-ated  in 
95  per  cent,  alcoholic  solution  with  an  alcoholic  solution  of  sodium 
hydroxide.  For  the  details  of  this  method  of  estimating  the  salts  of 
ammonia  and  the  amines,  as  well  as  for  the  determination  of  constants 
by  this  method,  the  list  of  papers  given  on  page  1536  may  be  consulted. 
The  constant  is  given  by  the  following  equation  : 

A  —X    t 

As  an  example  of  the  application  of  this  method  to  the  poly- 
methylene amines,  I  give  the  numbers  obtained  in  the  determiuation 
of  the  alkylation  constant  of  cyc^ohexylamine  with  allyl  bromide. 
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X. 

C 

9-03 

0-00154 

14-30 

0-00152 

24-07 

0-00132 

29-92 

Mean 

0-00123 

0-00140 
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t.  X.  C. 

4  26-31  0-01783 

8  44-82  0-01850 

12  59-43  0-01988 

16  66-25  0-01855 

Mean 0-01869 

The  method  described  was  applied  to  the  measurement  of  the  alkyla- 

tion  constants  of  the  following  polymethylene  amines  : 

K. 
/CHa'CHax.  (cycZoHexylaminell)  ;  b.  p.  133-5 — ] 


CHaC  >CH'NH2  \      131°  (760  mm.)  ;  (^20°  =  0-8648  ;  V   001869 

^CHa'CH/  t     from  aniline.  J 

'^^CCZ/'™' ["'"'t'is^^s^r'  '•  )  »■»»»" 

/CH2*CH(Pr'»).  ( 5-Methvl-2-/sopropylct/cZohexyl-      ] 

0H2<  >CH-]SrH2    ]      amine(l)    or     Z-menthylamine ;  I  0-00370 

\CHMe— CHg/  I     b.  p.  205^^  =  0-855  ;  Mb  -38°.  j 

/CHMe-CHMe.  ( 2  :  3  :  5-Trimetliyki/cZohexyl-  ] 

CHo<  >CH-NH2  \      amine(l)  ;  b.  p.  176—178°  (756  I  0-00730 

"^CHMe — CH2/  i     mm.).  ) 

/CHg-CHMe.  (1:2:  4-Trimethylci/cZoliexyl-  ] 

CHMe(f  >CMe-NH., \      amine(l)  ;     b.    p.     173— 174°  ;  I  0-00206 

\0H2 — CR2  '  I     c^25°/4°:=  0-8292.  J 

Having  described  the  experimental  methods  employed  in  the  deter- 
mination of  the  velocity  of  chemical  change  in  the  polymethylene 
series,  we  may  now  discuss  the  constants  obtained  for  the  speed  of  the 
different  reactions.  For  the  sake  of  simplicity  the  constants  are 
represented  by  whole  numbers,  obtained  by  multiplication  of  the 
results  by  ten  or  multiples  of  ten.  In  order  to  compare  the  properties 
of  the  polymethylene  cyclic  compounds  with  those  of  other  carbon  and 
heteroatomic  chains,  the  constants  obtained  by  my  pupils  and  myself 
in  the  chemical  laboratories  of  the  University  and  the  Polytechnikum 
at  St.  Petersburg  are  employed.  The  sources  of  these  are  indicated 
below.* 

TI.     Formation  of  Polymethylene  Rings. 

The  closed  chains  of  the  polymethylene  series  and  the  saturated 
open  chains  of  normal  structure  contain  the  methylene  linking  -CIl2~, 
of  the  same  composition  and  united  with  the  same  grouj)s.  The 
comparison  of  the  velocity  constants  of  the  same  reactions,  applied  to 
substances  containing  the  same  number  of  carbon  atoms  in  the  chain, 

*  Esterijication  constants, — N.  Menschutkin,  Zeit.  physikal.  Chem.,  1887,  1,  611  ; 
W.  Dabrohotoff,  J.  Euss.  Phys.  Chem.  Soc,  1895,  27,  342  ;  K.  Tanoff,  ibid.,  1903, 
35,  92. 

Etherification  constants. — AV.  Zagrebin,  Zeit.  physikal.  Chem.,  1900,  34,  149  ; 
M.  Rosenfeld,  J.  Russ.  Phys.  Chem.  Soc,  1902,  34,  422. 

Alkylation  constants. — N.  Menschutkin,  Zeit.  physikal.  Chem.,  1895,  17,  193  ; 
Ber.,  1897,  30,  2780,  2966  ;  1898,  31,  1424  ;  J.  Eicss.  Phys.  Chem.  Soc,  1897,  29, 
241  ;  1902   34,  41]  ;  N.  Nagornofl',  ibid.,  1897,  29,  705. 
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and  differing  only  in  the  open  or  closed  condition  of  the  chain,  will 
give  us  data  from  which  we  may  determine  the  effect  of  closing  the 
open  chain. 

We  begin  with  the  comparison  of  the  esterification  constants  of  the 
secondary  polymethylene  alcohols,  c?/cfopentanol,  cyc^ohexanol,  and 
cyc^oheptanol,  with  those  of  saturated  secondary  alcohols  containing 
the  group  CttK^n+iiOH.^)  of  normal  structure. 

The    esterification    constants    of    methylpropylcarbinol   and    ci/clo- 

pentanol  : 

CH./CH,.  C. 

I  '>CH-OH    98 

CHg-CHs/ 
CH2'CH2V 

I  >CH-OH    189 

CH-,-CH, 


/ 


show  that  the  result  of  closing  the  open  chain,  with  the  loss  of  two 
hydrogen  atoms  and  the  mutual  combination  of  two  carbon  atoms,  is 
a  great  increase  in  the  value  of  the  constant. 

The  same  conclusion  is  arrived  at  when  the  esterification  constants 
of  methylhexylcarbinol  and  cyc^ohexanol  or  c»/o/oheptanol  ai'e  com- 
pared : 

CH3-CHo'0H„-CHo'CH.,-CH.,\  G. 
\CH-OH 91 

/CH./CH.,. 

GH.<        '  ;CH-OH 138 

■^CH./CHo'^ 
CH2*CHo*CH2v 

I  '  >CH-On  121 

CHa-CH-zCH./ 

An  examination  of  the  constants  of  velocity  of  other  reactions  leads 
to  the  same  result.  This  is  shown  by  the  comparison  of  (1)  the 
constants  of  the  formation  of  ethyl  cyclohexyl  ether  and  of  the  ether 
of  methylhexylcarbinol  and  (2)  the  alkylation  constants  of  cyclohexjl- 
amine  and  ?t-amylamiue  with  allyl  bromide. 

C.  CHa'CHo-CHo.  C. 

CIVLCHJs-CHMe-O-CHs 105  "        '^CH'NHg  1189 

/CHj-CH..,  "  CH/ 

CH/  ""^CH-O-CHj 140  /CHa'CHov 

\CH.,-CH./  "  CHaC  >CH-NH., 1869 

^CHo-CH, 


/^ 


We  may  conclude,  therefore,  that  the  formation  of  a  'polyinethyltne 
ring  by  the  closing  of  the  ojyen  saturated  carbon  chain  of  normal  structure 
proceeds  with  increase  of  the  constants  of  velocity. 

The  maximum  increase  of  the  esteiificatiou  constants  occurs  in  the 
case  of  the  formation  of  the  pentamethylene  ring  ;  the  iuciense  is  less 
in  the  formation  of  the  hexamethylene  ring,  and  least  in  that  f>f  the 
hoptamelhyleue  ring. 

5  1  2 
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In  1898,  Avhen  I  first  compared  the  alkylation  constants  of  cyclo- 
hexylamine  and  n-amylamine,  and  pointed  out  the  higher  value  of 
the  constant  of  the  former,  Petrenko-Kritscheuko,  referring  to  this 
fact,  remarked  that  the  speed  of  combination  of  polymethylene 
ketones  with  hydroxylamine  is  also  much  higher  thm  in  the  case  of 
ketones  belonging  to  the  open  chain  series.  Since  then  he  has  ex- 
tended his  researches  to  the  study  of  the  combination  of  polymethylene 
ketones  with  phenylhydrazine  and  potassium  hydrogen  sulphite.  This 
author's  numerous  experiments  {Ber.,  1906,  39,  1452)  aiford  a  series 
of  important  facts  illustrating  the  increase  of  speed  in  the  formation 
of  polymethylene  rings. 

The  increase  of  speed  in  the  formation  of  a  closed  chain  from  an 
open  one  is  not,  however,  a  property  characteristic  only  of  the  forma- 
tion of  polymethylene  rings,  but  is  a  general  one  for  both  carbocyclic 
and  heterocyclic  systems.  As  previously  stated,  the  increase  of  speed 
of  the  alkylation  of  piperidine,  which  is  a  heterocyclic  compound,  is  much 
greater  than  that  of  n-amylamine,  from  which  piperidine  is  virtually 

formed. 

C. 
CHs-CH/CHa-CHg-CHo-NH., 3790 

yCH2'CH2\ 

CH,(  >NH  20,575 

"\CH2-CH./ 

In  the  case  of  piperidine,  the  closing  of  the  chain  takes  place 
between  the  nitrogen  and  carbon  atoms,  and  notwithstanding  the 
fact  that  in  the  open  chain  we  are  dealing  with  a  primary  amine 
(which  gives  higher  constants),  and  in  the  closed  chain  a  secondary 
amine,  the  alkylation  constant  of  piperidine  is  more  than  five  times 
greater  than  that  of  w-amylamine. 

Does  the  conclusion  arrived  at  hold  only  for  rings  where  the  atoms 
are  united  by  single  bonds,  or  will  it  be  applicable  also  to  such  rings 
where  the  bonds  between  the  atoms  are  multiple  1  I  am  inclined  to 
think  that  the  latter  is  the  case.  The  existence  of  such  stable  alicyclic 
rings  as  benzene,  the  high  esterification  constants  of  phenols,  the 
higher  constants  of  aromatic  as  compared  with  polymethylene  com- 
pounds, as  described  in  this  paper,  is  in  favour  of  the  application  of 
this  rule  to  alicyclic  systems.  In  the  case  of  heterocyclic  systems, 
we  may  point  to  the  existence  of  such  absolutely  and  relatively  stable 
systems  as  pyridine,  thiophen,  pyrrole,  and  others. 

In  this  connection  we  may  consider  the  formation  of  closed  chain 
groups  in  molecules  consisting  of  open  chains.  The  same  conditions 
will  apply  and  the  resulting  acceleration  of  speed  will  be  determined 
by  the  number  of  atoms  forming  the  cyclic  group.  As  an  example, 
the  facility  of  the  formation  of  the  five-linked  lactone  i-ing  may  be 
mentioned.     Most  of  the  cases  of  condensation  with  the  formation  of 
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closed  chain  groups  are  of  a  similar  nature  and  tliere  is  thus  much 
scope  for  testing  these  inductions  by  experiment. 

It  is  here  necessary  to  explain  the  chemical  meaning  of  the  term 
•■'increase  of  speed."  My  foregoing  investigations  on  the  formation  of 
carbon  chains,  with  respect  to  the  change  effected  in  the  constants  of 
speed,  show  that  the  speed  is  greatest  in  those  compounds  possessing 
one  carbon  atom,  and  hence  containing  no  chain.  The  formation  of 
carbon  chains  is  always  accompanied  by  a  diminution  in  the  values  of 
the  constants,  that  is,  by  some  loss  of  speed.  In  comparing  the 
formation  of  open  and  closed  chains,  however,  we  find,  as  shown 
above,  that  the  formation  of  closed  chains  is  accompanied  by  a  loss  of 
speed  less  than  is  experienced  in  the  case  of  the  formation  of  open 
chains,  or,  in  other  words,  the  formation  of  a  closed  chain  from  an  open 
one  is  accompanied  by  increase  of  speed  of  the  chemical  change. 

III.  Influence    of  the    Number    of  Carbon  Atoms  in  the  Ring  on  the 
Esterification  Constants  of  Poly  methylene  Alcohols. 

In  the  case  of  open  chain  carbon  compounds,  the  formation  of  liomo- 
logues  is  usually  effected  by  the  combination  of  the  entering  methyl 
group  with  the  carbon  atom  of  the  last  link  of  the  chain.  Of  all 
alicyclic  substances,  only  the  polymethylene,  {Q'B.^tu  can  form  such 
a  homologous  series,  and  it  is,  therefore,  necessary  to  study  somewhat 
extensively  the  influence  of  the  number  of  carbon  atoms  in  poly- 
methylene rings  on  the  rate  of  chemical  change. 

Three  secondary  alcohols  belonging  to  the  polymethylene  series  were 
investigated.     Their  esterification  constants  are  as  follows  : 

C. 

cyt'^oPentanol,  CgHy'OH 189 

c?/cZoHexanol,  CgH^'OH     1.38 

cj/cZoHeptanol,  CyHjs'OH  121 

It  is  seen  that,  by  increasing  the  number  of  carbon  atoms  in  the 
ring,  the  value  of  the  constant  diminishes.  In  order  fui-ther  to  in- 
vestigate the  diminution  of  these  constants  with  increase  of  molecular 
weiglit,  we  may  compare  them  with  the  esterification  constants  of 
those  saturated  primary  and  secondary  alcohols  in  which  the  homo- 
logues  are  formed  by  the  addition  of  the  -CHg"  group,  as  in  the 
polymethylene  series.  To  simplify  the  figures,  all  the  esterification 
constants  are  compared  with  that  of  metliyl  alcohol,  which  is  O'lllS 
and  is  taken  as  100.     We  thus  obtain  the  followinc:  numbers  : 
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Noi'mal  Primary  Alcohols. 

C. 

CgH/CHg-OH  41-6 

C4H9-CH2'OH  38-4 

CsHn'CHs-OH 36 

CeHjg'CHo'OH 35 

C7H,5-CH;-0H 33 


Secondary  Alcohols. 

C. 

CH3-CH(CH3)-OH    13-2 

CoH5-CH(CH3)-OH  11-0 

C3H7-CH(CH3)-OH  8-7 

C6Hi3-CH(CH3)-OH 8-2 


Polymeihyhne  Secondary  Alcohols. 

C. 

c?/Ci^oPentanol,  CsHp'OH   16-9 

c?/cZoHexano],  CfiHji'OH  12-3 

c?/(7oHeptanol,  C-Hig'OH lO'S 

The  tables  show  that,  both  in  the  case  of  the  saturated  and  poly- 
methylene  alcohols,  the  addition  of  the  group  -CHg"  to  the  open  or 
closed  chain  gives  rise  to  a  decrease  in  the  values  of  the  esterification 
constants,  which  is  of  the  same  magnitude  throughout. 

This  conclusion  is  a  very  important  one,  and  is  confirmed  by  an 
examination  of  the  esterification  constants  of  the  methyl  derivatives 
of  the  polymethylene  alcohols.  For  this,  however,  only  those 
alcohols  must  be  compared  which  contain  the  side  chains  in  cor- 
responding positions  in  the  ring,  as  the  position  of  the  side  chains 
has  a  great  influence  on  the  value  of  the  constants. 

Reduced  to 
Esterification         the  constant 
constant.        of  methyl  alcohol. 

2-Methyl«7c7opentanol(l)    126  11-2 

2-Metliyh-?/oZohexanol(l)      74  6-6 

3-Methylc)/c7opentanol(l) 166  14-8 

3-Methylc?/cZoliexanol(l)      139  12-4 

The  differences  in  the  values  of  the  constants  as  the  molecular 
weights  of  the  alcohols  increase  are  much  the  same  as  those  mentioned 
above. 

We  come,  therefore,  to  the  conclusion  that  tlis  rale  of  decrease  of  the 
esterification  constants,  with  the  addition  to  the  carbon  chain  of  the 
group  —CH.^—,  is  of  the  same  order  in  normal  saturated  alcohols  with 
open  chain,  as  in  polymethylene  alcohols  containing  closed  chains. 


IV.   The  Alcoholic  Function  of  the  Polymethylene  Secondary  Alcohols. 

We  have  seen  that  among  the  homologous  polymethylene  secondary 
alcohols,  the  highest  constants  are  possessed  by  the  derivatives  of 
pentamethylene,  then  come  those  of  the  hexamethylene  series ;  and 

finally   the   heptamethylene   derivatives   have  the  lowest  constants. 

We  may  now  consider  these  constants  somewhat  more  fuUy. 


CHEMICAL   CHANGE    IN   THE    POLYMETHYLENE   SERIES.      1541 

The  highest  esterification  constant  of  all  the  polymethylene 
secondary  alcohols  belongs  to  c?/c^opentanol  :  its  constant,  0"0189,  is 
also  the  highest  of  all  the  secondary  alcohols  investigated.  This  fact 
is  not  in  accordance  with  the  rule  hitherto  observed,  that  the  highest 
esterification  constants  are  given  by  saturated  secondary  alcohols  with 
open  chains,  and  of  these  by  dimethylcarbinol,  as  the  alcohol  contain- 
ing the  simplest  chain.  Bv;t  the  esterification  constant  of  dimethyl- 
carbinol is  only  0'0148,  and  is  25  per  cent,  less  than  that  of  cydo- 
pentanol.  Amongst  the  methyl  derivatives  of  cyc^opentanol,  the 
esterification  constant,  0*0166,  of  3-methy]c?/cZopentanol(l)  is  higher 
than  the  constant  of  dimethylcarbinol.  The  high  value  of  the 
constants  in  the  pentamethylene  series  is  rendered  more  evident  on 
comparing  these  constants  with  those  of  the  saturated  open  chain 
secondary  alcohols  containing  five  atoms  of  carbon.  Of  these  the 
highest  constant  is  shown  by  methylpropylcarbinol,  but  the  value  is 
only  0  0098,  nearly  50  per  cent,  lower  than  that  of  c^c/opentanol. 

In  the  hexamethylene  series,  although  the  constants  are  lower 
than  in  the  pentamethylene  series,  they  are  still  higher  than  those  of 
the  satui^ated  secondary  alcohols  containing  the  same  number  of 
carbon  atoms.  In  many  cases,  the  constants  of  the  hexamethylene 
series  are  higher  than,  or  very  near  to,  that  of  dimethylcarbinol  :  the 
constant  of  4-methjlc?/c^ohexanol(l)  is  00152;  cis-  and  trans-Z  :  b-Ai- 
n)ethylc^c^ohexanol(l),  0-0143;  3-methylc?/cZohexanol(l),  0'0139,  and 
c?/c^obexanol(l),  the  first  member  of  the  sei'ies,  has  the  esterification 
constant  0-0138. 

The  esterification  constant  of  c?/c?oheptanol  is  also  higher  than  those 
of  the  alcohols  containing  seven  carbon  atoms. 

The  constants  of  the  above-mentioned  polymethylene  alcohols  are, 
as  has  been  shown,  the  highest  of  all  the  secondary  alcohols  studied. 
This  conclusion  can  be  also  confirmed  by  the  examination  of  other 
constants  of  chemical  change  in  the  hexamethylene  series.  The 
constant  of  the  formation  of  ethylcyc/fohexyl  ether,  namely,  0  0140,  is 
higher  than  in  the  case  of  the  saturated  alcohols  containing  six 
carbon  atoms.  Yery  important  also  is  the  high  alkylation  constant  of 
cyc/ohexylamine,  0-01869  ;  this  constant  is  the  highest  among  all 
the  amines  of  the  saturated  secondary  alcohols,  the  constants  of  which 
are  very  near  the  value  0-01200,  or  30  per  cent,  lower  than  that  of 
the  cyclic  amine. 

Thus,  all  the  constants  of  chemical  change  point  to  the  conclusion 
that,  under  favourable  conditions,  the  constants  of  the  polymethylene 
series  are  the  highest  among  those  which  are  known.  This  conclusion 
leads  us  to  consider  the  conditions  under  which  the  maximum  values 
for  the  constants  of  chemical  change  were  observed.  We  shall  deal 
principally    with    the    esterification    constants,     these    being    more 
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numerous    than  the   others ;    the  conclusions   drawn  from  these    can 
be  applied  to  the  constants  of  other  chemical  reactions. 

The  absolute  value  of  the  esterification  constant  is  determined  by 
the  following  circumstances  : 

(1)  The  composition  of  the  alcoholic  link  of  the  chain;  the  primary- 
alcohols  giving,  under  analogous  conditions,  higher  constants  than  the 
secondary  and  tertiary  alcohols. 

(2)  The  structure  of  the  chain  ;  the  presence  of  the  saturated  chain 
of  so-called  normal  structure,  containing  no  side  chains,  decreases  the 
values  of  the  constants. 

(3)  As  the  formation  of  every  carbon  chain  proceeds  with  loss  of 
speed,  the  maximum  constant  is  possessed  by  the  member  containing 
the  simplest  chain. 

(4)  After  the  present  investigation  we  must  add,  that  under  equal 
conditions  the  maximum  constant  is  determined  by  the  cyclic 
structure  of  the  chain. 

(5)  In  view  of  the  very  high  alkylation  constants  of  the  imines  of 
the  piperidine  series,  we  must  extend  the  last  conclusion  and  point  out 
that  it  may  be  applied  to  alicyclic  and  heterocyclic  systems,  the 
hydroxy-  or  the  amino-group  being  combined  with  the  carbon  atoms  of 
the  ring. 

V.  Poly  methylene  Tertiary  Alcohols.     Influence  of  the  Side  Chains. 

As  previously  stated,  the  numbering  of  the  carbon  atoms  of  the 
polymethylene  ring  commences  with  the  carbon  atom  which  is  com- 
bined with  the  hydroxyl  group.  The  same  numbering  is  given  to  the 
side  chains  :  C^  signifies  that  the  side  chain  is  attached  to  the  same 
carbon  atom  of  the  ring  and  so  forth. 

The  tertiary  polymethylene  alcohols  are  produced  when  a  side 
chain  or  group  unites  with  the  carbon  atom  C^,  which  is  combined 
with  the  hydroxyl  group.  The  esterification  of  these  tertiary  alcohols 
will  be  principally  dealt  with. 

The  first  tertiary  alcohol  investigated  was  l-methylcycZohexariol(l) 
and  the  series  obtained  was  as  follows  : 

t. 

60 
121 
180 
240 


The  esterification  of  saturated  tertiary  alcohols  led  me  to  expect  a  very 
low  constant  in  this  case,  but  as  the  former  alcohols  decompose  witli 
the  production  of  hydrocarbons,  an  irregular  esterification  is  obtained. 


X. 

C. 

2-14 

0-00036 

4-56 

0-00041 

6-98 

0-00041 

9-40 

Mean 

0-00043 

0-00040 
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The  polymethylene  alcohols,  however,  are  esterified  very  regularly 
without  decomposition.  In  order  definitely  to  e.stablish  the  regular 
esterification  of  the  polymethylene  tertiary  alcohols,  a  special  ex- 
periment with  l-methylcycZoheptanol(l)  was  made.  The  experiment 
lasted  ten  hours  and  gave  tlie  following  very  regular  numbers : 

t.  X.  C. 

90  3-54  0-00040 

180  5-62  0-00033 

360  10-34  0-00032 

600  15-94  0-00031 


Mean 0-00034 

The  regular  esterification  of  polymethylene  tertiary  alcohols  shows 
that  in  this  respect  they  are  analogous  to  the  phenols  and  tertiary 
alcohols  of  the  benzene  series,  but  differ  from  the  saturated  alcohols. 

The  esterification  being  regular,  it  was   possible  to  determine  the 

esterification  constants  of  the  following  alcohols  : 

C. 

l-Methylc?/c?ohexaiiol(l)   0-0004 

l-Meth3'lc!/c/oheptanol(l) 0-0003 

■     1  :3-Dimethyl«/dohexauol(l)    0-0003 

These  constants  are  very  low,  as  are  also  the  constants  of  other 
reactions,  for  example  :  the  alkylation  constant  of  1:2: 4-trimethyl- 
ci/c^ohexylamine(l)  is  206,  and  that  of  saturated  tertiary  amylamine 
270. 

We  may  therefore  conclude  that :  when  the  side  chain  is  in  tJie 
position  C\  of  the  polymethylene  ring  a  greater  decrease  in  the  value  of 
the  constant  is  produced  than  when  it  is  in  any  other  position  in  the 
ring. 

In  the  open  chain  series  the  same  effect  is  produced  by  the  side 
chain  attached  to  the  carbon  atom,  which  is  united  with  the  hydroxy- 
or  amino-group.  As  this  fact  is  already  well  established,  I  give  only 
the  esterification  constants  of  ethyl,  isopropyl,  and  te7-t.huty\  alcohols, 
and  the  alkylation  constants  of  ethyl-,  zsopropyl-,  and  ^er^.butyl-amines. 

Esterification  Alkj'lation 

coustanr.  constant. 

CH3-CH.2-OH 542  CHs'CHo'NHo 3807 

(CH3)2C11-0H    148  (CHsKCH-NHa    1257 

(CHslsC-OH    9  (CHglsC-NHa   314 

VI.   Ortho-  and  /Hortho-position  of  the  Side  Chain. 

The  ortho-position  of  the  ring  is  that  where  the  side  chain  is 
combined  with  the  carbon  atom  (2).  Two  chains  in  the  ortho-position 
to  the  carbon  atom  (1)  are  combined  with  atoms  (2)  and  (5)  of  the 
pentamethyleue  ring,  with  (2)  and  (6)  of  the  hexamethylene  ring,  and 
with  (2)  and  (7)  of  the  heptamethylene  ring. 


1544  MENSCHUTKIN:  THE  VELOCTTY  OF 

The  side  chains  here  considered  are  hydrocarbon  groups :  the 
chemical  nature  of  the  side  chain  being,  as  will  be  seen,  of  great 
influecce  on  the  effect  pioduced. 

In  studying  the  influence  of  the  ortho-  and  diortho-position  of  the 
side  chains  in  the  pentamethylene  ring,  the  following  derivatives  were 
examined  : 

Esterificatiou 
constants. 

cycluVenbanoX'i)  189 

2-Methylci/c?opentanol(l)   126  (ortlio-position  of  methyl) 

2  :  5-Dimetliyk'?/c?opentanol(l) 85  (diortlio-position  of    ,,     ) 

The  side  chain  in  the  ortho-position  and  especially  two  substituents 
in  the  diortho-position  decrease  the  esterificatiou  constants  of  cyclo- 
pentanol  to  a  great  extent.  The  same  decrease  can  be  observed  if,  in 
4-methylc?/c?opentanol(l),  we  introduce  a  side  chain  in  the  ortho- 
position. 

C. 

4-Motliylc'yt:?opentauol(l)    166 

"2  :  4-Diniethylc?/c/opentanol(l)  131  (ortho-position) 

The  hexamethylene  ring  shows  the  same  behaviour.  2-Methyl- 
cyc/ohexanol(l)  has  an  esterifi.cation  constant  only  half  that  of  cyclo- 
hexanol(l) : 

C. 

f2/c?"Hexano](l)    138 

2-Methylc2/c^hexanol(l) 74  (ortho-position) 

♦  The  constants  of  menthol  and  ^-menthylamine  are  very  characteristic, 
the  introduction  of  the  isopropyl  group  in  the  ortho-position  greatly 
diminishing  the  constant, 

Esterificatiou 
constant. 

3-MethylcycZohexanol(l) 139 

5-Methyl-2-tsopropylc2/c/ohexanol(l)    52  (ortho-position) 

Alkylation 
constant. 

c2/c?oHexy]amine(l ) 1869 

5-Methyl-2-/sopropylc2/c'Zohexylamine(l)  ...         370  (ortho-position) 

The  conclusion  to  be  drawn  from  these  facts  is  that  in  polymethylene 
rings  the  side  chains  in  the  ortho-  or  diortho-positions  greatly  diminish 
the  constants  of  chemical  change. 

As  will  be  shown  later,  this  influence  of  the  side  chains  in  the 
ortho-  or  diortho-position  can  be  observed  in  both  open  and  closed 
chains. 

Our  knowledge  of  the  influence  of  the  side  chains  is  chiefly  derived 
from  the  brilliant  researches  of  Victor  Meyer  in  the  benzene  series. 
In  many  cases  the  decrease  of  the  speed  of  chemical  reaction  is  so 
great  that  many  diortho-substitution  products  have  not  hitherto  been 
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prepared.  I  have  observed  several  instances  of  this  decrease  in  the 
values  of  the  constants  in  diortho-compounds  of  the  benzene  series. 
As  examples  of  this  may  be  mentioned  the  esterification  constants  of 
the  pairs  :  phenol — o-cresol  and  m-cresol — thymol. 

G. 
CrH,-OH    242  CH,-CfiH/OH    277 


242 

CH3-C6H4-OH 

3                         1 

72 

CHg. 

3     >ChH;,-OH 

CHs-CgHi-OH 

6 

The  second  pair  of  these  phenols  shows  the  relation  observed  above 
between  3-methylcyc/ohexanol(l)  and  menthol. 

We  now  pass  to  the  consideration  of  open  chains,  where  the  ortho- 
and  diortho-position  of  the  side  chains  has  the  same  influence.  Of 
many  instances  observed,  mention  may  be  made  only  of  the  esteri- 
fication constants  of  propyl  and  isohntyl  alcohols  and  the  alkylation 
constants  of  propyl-,  isobutyl-  and  <er<. butyl-amines. 

Esterification  Alkylation 

constant.  constant. 

CH3-CH„-CH2*OH 480  CHs-CHa-CHa'NHa    ...       3783 

CH.-CH-CH./OH  401  CHs-CH'-CHg'NH.j     ...       2759  (ortho-position) 

CHg  CH3 

CHg 

CHs'C-CHa-NHo 791  (diortlio-   „      ) 

CH3 

The  same  rule,  regarding  the  influence  of  the  side  chains  in  the 
ortho-position,  holds  good  also  for  heteroatomic  chains.  In  the  case 
of  open  chain  compounds,  we  may  cite  the  constants  of  formation  of 
ethers  and  the  alkylation  constants  of  secondary  amines : 

Ethcrification 
constant. 

CH3-CH2-CH2*0-CH./CHo-CH 816 

CHa-CH-CHs-O-CHs-CH-CHa" 96 

6H3  CH3 

Alkylation 
constant. 

CHa'CHj-CHo-NH'CHa-CH./CH.,     2910 

CHa-CH-CH./NII-CHa-CH-OH.," 718 

CH3  CIIj 

The  application  of  the  rule  to  heterocyclic  systems  is  demonstrated 
by  the  alkylation  constants  of  piperidine,  a-pipecoline,  and  (/-coniine, 
and  by  pyridine  and  apicoline. 

0.  C. 

Piperidine    20575  ]'yri<lin<'  276 

2-Metliylpi|)firi(liiie  2-Metliylpyri(lino 

(a-pipecoline) C826  (ortlio-jjosition)  (o-picolinc)   55 

2-isoPropyli)ipcridine 

(<i-coniiiie) 2684 


]  546  MENSCHUTKIN  :    THE    VELOCITY    OF 

We  may  conclude,  therefore,  that :  the  influence  of  the  side  chains  in 
the  ortho-jwsition  in  decreasing  the  speed  of  chemical  action  is  a  property 
of  all  chains  whether  carbon  or  heteroatomic,  open  or  closed. 

This  rule,  however,  requires  an  important  modification.  Its  ap- 
plication is  dependent  on  the  chemical  nature  of  the  side  chains,  and 
the  resulting  I'eaction.  All  the  foregoing  instances  of  the  application 
of  the  rule  were  obtained  with  substances  containing  hydrocarbon 
groups  as  side  chains,  and  the  chemical  reaction  consisted  in  the 
formation  of  esters  and  substituted  amines.  The  exceptions  to  Victor 
Meyer's  rule  are  well  known,  and  in  my  researches  I  have  met  with 
many.  In  studying  the  action  of  dipropylamine  on  the  isomeric 
bromonitrobenzenes,  Nagornoff  found  that  the  total  displacement  of 
bromine  by  the  dipropylamine  group  takes  place  when  the  nitro-group 
is  in  the  ortho-position  to  the  bromine  atom,  whereas  there  is  no 
action  when  the  nitro-gi>oup  is  in  the  meta-position.  Thus,  only  by 
the  combined  influence  of  the  position  of  the  side  chain,  its  chemical 
nature,  and  the  ensuing  chemical  reaction,  is  the  application  of  the 
rule  assured. 

Being  applicable  to  all  classes  of  chains,  the  rule  of  the  ortho- 
position  of  the  side  chains  has  no  specific  importance  in  the  formation 
of  polymethylene  closed  chains. 


Vir.   Side  Chains  in  Positions  C^  and  C^  of  the  Polymethylene  Ring. 

The  esterification  constants  of  the  following  hexamethylene  alcohols, 
with  the  side  chains  in  these  positions,  wei^e  determined  : 

C. 

c(/cZoHexanol(l)    188 

3-Methylc2/cZoliexanol(l) 139 

4-Methylc7/6-?(;hexauol(l) 152 

On  comparing  these  constants,  we  see  that,  where  the  side  chain  is 
farthest  from  the  carbon  atom  combined  with  the  hydroxyl  group,  the 
value  of  the  constant  becomes  greater,  and  the  constant  of  4-methyl- 
c?/c^ohexanol{l)  is  even  greater  than  the  constant  of  c2/c?ohexanol(l), 
the  first  member  of  the  series.  The  very  great  importance  of  this 
phenomenon  in  investigating  the  nature  of  closed  chains  will  be  more 
and  more  evident  as  we  proceed  further  in  the  study  of  this 
question. 

The  influence  of  the  combined  action  of  two  methyl  groups  is  shown 
by  the  esterification  constants  of  the  3  : 5-dimethylc^c/ohexanols(l). 

C. 

CIS-  3  :  5-Dimethylci/cZohexauol(  1 ) 1 42 

trans-Z  :  5-Diinethylc?/cZohexauol(l) 143 
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The  combined  action  of  the  methyl  groups  in  both  alcohols  leads 
to  the  constant  143,  which  is  still  higher  than  that  of  cyclo- 
hexanol(l). 

The  case  of  the  dimethylhexanols  ailords  an  opportunity  of  dis- 
cussing the  influence  of  geometrical  isomerism  on  the  esterification 
constants.  The  trans-  and  the  cis-positions  of  the  side  chains  are 
identical  in  their  effect  on  the  value  of  the  constants.  In  this  respect, 
this  kind  of  isomerism  is  similar  to  optical  isomerism.  Panoff  studied 
the  esterification  of  the  d-  and  ^borneols,  and  found  that  the  esteri- 
fication constants  in  both  cases  were  identical. 

In  the  pentamethylene  series  it  was  only  possible  to  experiment 
with  one  alcohol  containing  the  side  chain  in  the  position  Cg. 
3-Methylc?/c'^opentanol(l)  has  the  esterification  constant  163,  which  is 
higher  than  atiy  in  the  hexamethylene  series,  but  is  lower  than  that  of 
cyc^opentanol.  It  would  be  expected  that  the  greatest  value  of  the 
constant  in  the  pentamethylene  series  would  be  given  by  3  :  4-dimethyl- 
cj/c^opentanol(l),  but  this  alcohol  was  not  available. 

Returning  to  the  question  of  the  increase  in  the  value  of  the 
constants  when  the  side  chain  is  in  position  Cg,  it  is  worthy  of  note 
that  in  open  chains  no  such  increase  of  the  constant  was  observed  ;  the 
influence  ot"  the  side  chains  in  the  positions  Cg  or  C^  was  that  the 
value  of  the  constant  was  less,  and  never  more,  than  that  of  the 
parent  substance.  I  may  instance  the  alkylation  constants  of 
M-pentylamine  and  y-pentylamine  : 

C. 

CH/CIL/CHa-CHa'CHa'NHa 3785 

CHs-CH-CHo-CHo-NHa    2980 

CH3 

and  the  esterification  constants  of  »-butyl  alcohol  and  isoamyl  alcohol : 

C. 

CHa'CHo-CH./CHa-OH  465 

CHs-GH-CHj-CHa-OH    435 

CH3 

In  closed  chain  compounds,  on  the  other  hand,  the  introduction  of 
the  t-ide  chain  resulted  in  an  increase  in  the  values  of  the  constants. 
This  is  illustrated  by  the  following  examples. 

In  the  aromatic  series  may  be  mentioned  the  following  instances  of 
increase  of  constants  when  the  side  chains  are  in  the  position  Cg  or  C^ 
of  the  benzene  ring  (C^  denoting  the  carbon  atom  combined  with  OH 
or  NHg).  We  may  compare  the  esterification  constants  of  phenol  and 
7n-cresol,  or  the  alkylation  constants  of  aniline,  m-toluidine,  and 
o4-xylidine  (see  Ber.,  1897,  30,  2'J66  ;  1898,  31,  1424). 
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Esterification  Alkylation 

constant.  constant. 

CgHg-OH     242  CeHg-NHj  68 

1  1 

CHs-CgH/OH    277  CHa'CsH/NHa 445 

3  1  3  1 

CHs-CgHs-NHo 707 

4 

In  all  cases  the  constants  increase,  the  constants  of  methyl-substituted 
derivatives  being  higher  than  the  constants  of  the  first  member  of  the 
series.  The  constant  of  o-4-xylidine  shows  that  the  increase  can  extend 
to  more  than  ten  times  the  value  of  the  constant  of  the  first  member  of 
the  series. 

Passing  to  heterocyclic  systems  containing  nitrogen,  we  find  the 
same  phenomenon  in  all  cases  studied.  The  alkylation  constants  of  the 
derivatives  of  piperidine,  pyridine,  tetrahydroquinoline,  and  methyl- 
(C3  or  C4)-quinoline  are  as  follows  : 

c.  a. 

CgHio'NH,  liiperiiline  20575        CgH^jN,  tetrahydroquinoline  ...     300    ] 

CHs'CsHio'NH,   3-methylpiper-  CHs'CgHioN,         hydro-wi-tolu- 

3  1  3  1 

idine  (/8-pipecoline)    28109  quinoliue     349 

CgHg'N,  pyridine  276         CH^'OpHnjlSr,  hydro-;;-tohifiuin- 

1  4        ■        1 

oline    610 

CH3-C5H4]Sr,     3-methylpyridine  C9H7N,  quinoline 96 

3  1  1 

(;8-picohne) 445         CH3'Cr,HeN,7-inethylquinolinc"     159 

4   "  1 

*  The  constants  in  the  quinoline  series  were  obtained  with  methyl  bromide,  and 
not  allyl  bromide,  as  in  the  others  ;  in  this  case,  allyl  bromide  is  nearly  without 
action. 

Notwithstanding  the  great  diffei*ence  in  the  chemical  nature  of  these 
substances,  the  different  reactions  measured,  and  the  enormous  differ- 
ences in  the  values  of  the  constants  (being  between  100  and  28,000),  in 
all  cases  where  the  side  chain  is  coaibined  with  the  carbon  atom  (3)  or 
(4)  we  observe  an  increase  of  the  constant. 

The  conclusion  from  these  facts  may  be  stated  as  follows  :  in  all 
ring  systems,  alicyclic  or  heterocyclic,  when  the  suhstituent  methyl  groups 
are  in  position  (3)  or  (4),  an  increase  in  the  constant  of  speed  of  the  reaction 
is  effected. 

This  increase  of  the  value  of  the  constants  owing  to  the  influence  of 
the  side  chain  is  an  important  property  of  ring  systems,  distinguishing 
them  from  open  chain  compounds,  and  makes  it  necessary  to  reconsider 
what  has  been  said  in  the  second  section  on  the  formation  of  poly- 
methylene  rings.  If  such  a  ring,  having  methyl  gi-oups  in  position  C3 
or  C4,  is  formed,  it  is  evident  from  the  above  that  the  decrease  of  speed 
in  the  manner  referred  to  in  the  second  section  is  less  than  in  any 
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other  case.  It  is  difficult  to  say  what  circumstances  produce  such  a 
difference  in  the  act  of  formation  of  the  ring,  the  data  being  insufficient, 
and  especially  in  the  absence  of  measurements  made  on  compounds  with 
a  more  complex  side  chain,  such  as  an  ethyl  group  in  place  of  a  methyl 
group. 

In  monosubstituted  derivatives  of  those  polymethylene  rings  which 
contain  an  even  number  of  carbon  atoms,  if  the  side  chain  is  in  position 
Cp  all  the  other  carbon  atoms  become  identical  by  pairs  in  respect  to 
substitution,  thus,  in  the  pentamethylene  ring,  C^  =  Cg  and  Cg  =  C^.  In 
the  hexamethylene  ring,  containing  an  even  number  of  carbon  atoms, 
Cg  =  Cg,  O3  =  Cg,  and  C^  has  no  corresponding  carbon  atom. 

Having  in  the  last  three  sections  desci-ibed  the  influence  of  the  side 
chains  combined  with  C^,  Cg,  C3,  C^  respectively,  the  most  general  cases 
of  the  said  influence  in  the  polymethylene  series  have  been  studied. 

VIII.     Influence    of    the    Hexamethylene    Ring   on    the    Ester ijication 
Constants  of  the  Alcohols  of  the  Open  Chain  Series. 

In  the  foregoing  paragraphs  a  study  was  made  of  the  secondary  and 
tertiary  polymethylene  alcohols  in  which  the  alcoholic  hydroxyl  group 
was  combined  with  one  of  the  carbon  atoms  of  the  ring.  We  shall  now 
consider  the  alcohols  containing  the  hydroxyl  group  in  the  (open)  side 
chain.  In  the  case  where  the  open  side  chain  has  the  general  formula 
CnH2,i4-i,  the  introduction  of  a  hydroxyl  group  may  produce  primary, 
secondary,  or  tertiary  alcohols.  Of  this  great  division  of  the  poly- 
methylene alcohols,  only  two  representatives  belonging  to  the  hexa- 
methylene group  were  available,  namely,  primary  c^/cZohexylcarbinol, 
CgHj^'CHg'OH,  and  secondary  methylcyc^hexylcarbinol, 
C6Hii-CH(OH)-CH3. 

Their  esterification  constants  were  determined  : 

0. 

cydoHexylcarbiuol,  CgHu'CH^'OH 250 

Methylq/cZohexylcaibinol,  CbHii-CH(0H)-0H3  ...  71 

The  constants  obtained  show  the  usual  relation  ;  the  constant  of  the 
primary  alcohol  is  much  higher  than  that  of  the  secondary  alcohol. 
The  influence  of  the  hexamethylene  ring  appears  in  the  absolute  values 
of  these  constants,  which  may  therefore  be  somewhat  more  closely 
examined. 

In  order  to  deduce  the  influence  of  the  hexamethylene  ring,  we  may 
compare  the  constant  of  primary  cyc^ohexylcarbinol,  namely,  250,  with 
the  constants  of  »t-heptyl  alcohol  containing  the  open  chain  C^Hj^,  and 
with  benzyl  alcohol  containing  the  benzene  ring. 

C. 

Methyl  alcohol,  CH/OH   1118 

w-Heptyl  alcohol,  CgHia'CHo 'OH     393 

Benzyl  alcohol,  CgHj-ClL/OH  280 

cJ/f/('He.\ylcarbiiiol,  C'uUji'UHjOH 260 
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The  constant  of  cyc^ohexylcarbinol  is  the  least,  the  influence  of  the 
hexamethylene  ring  being  not  only  greater  than  that  exerted  by  the 
hexyl  group  OgH^g,  but  also  than  that  due  to  the  benzene  ring.  In 
order  to  compare  the  influence  of  the  hexamethylene  ring  with  the 
influence  of  the  multiple  bonds,  no  data  for  the  members  of  the  un- 
saturated series  of  alcohols  with  seven  carbon  atoms  are  available, 
and  we  can  therefore  only  compare  the  constant  of  allyl  alcohol, 
CHglCH'CHg-OH,  which  is  287,  with  that  of  propargyl  alcohol, 
CHiC'CHg'OH,  which  is  200.  These  comparisons  indicate  the  position 
of  the  polymethylene  inui;  in  the  scale,  showing  the  influence  of  the 
most  general  classes  of  carbon  chains  on  the  esterification  constants  of 
primary  alcohols. 

The  secondary  methylc?/c?ohexylcarbinol,  CgH^j*CH(0H)'CH3.  with 
its  esterification  constant  71,  gives  rise  to  the  same  deductions  as  the 
foregoing.  The  saturated  methylhexylcarbinol,  CgH^3'UH(()H)'CH3, 
has  the  constant  91,  higher  than  that  of  the  cyclic  alcohol.  The  con- 
stant of  the  latter  alcohol  is  also  much  lower  in  comparison  with  the 
constants  of  secondary  polymethylene  alcohols,  which  contain  the 
hydroxyl  group  combined  with  the  carbon  atom  of  the  ring. 

IX.     Hexamethylene  as  a  Medium  for  Chemical  Change. 

The  study  of  organic  compounds  includes  the  study  of  their  behaviour 
as  solvents.  A-1  though  non-electrolytes,  the  so-called  indifferent  solvents, 
as  my  former  researches  have  shown,  exert  a  very  great  influence  on  the 
velocity  of  the  reaction  which  takes  place.  Amongst  these  solvents 
the  hydrocarbons  are  those  which  farther  the  activity  of  chemical 
reaction  to  the  least  degree.  Yet  between  the  influence  of  the  hydro- 
carbons of  saturated  series  and  that  of  the  aromatic  hydrocarbons  the 
difference  is  very  great,  and  can  be  demonstrated  by  experiment.  In 
order  to  investigate  the  behaviour  of  the  polymethylene  hydrocarbons 
as  solvents,  hexamethylene  was  chosen.  This  hydrocarbon  was  pre- 
pared by  Gvosdoff  by  reducing  benzene  according  to  Sabatier  and 
Senderens'  method;  the  melting  point  was  4- 6 '4:°  and  the  boiling  point 
81°  (760  mm.). 

In  determining  the  influence  of  hexamethylene  as  a  solvent,  I  studied, 
as  in  my  former  experiments  on  the  subject,  the  combination  of 
trimethylamine  with  ethyl  iodide  to  form  tetraethylammonium  iodide, 
(aH,)3N-t-C2H,I  =  {0,H,),NI. 

An  equimolecular  mixture  of  these  substances,  diluted  with 
15  volumes  of  hexamethylene,  was  heated  at  100°  in  small  sealed 
tubes.  After  a  certain  time  the  tubes  were  quickly  cooled  by  ice- 
water,  and,  after  breaking  them  in  a  flask  containing  water,  the 
ionised  iodine  was  titrated  with  a  solution  of  silver  nitrate.  The  re- 
action is  dimolecular,  and  the  constant  calculated  accordingly. 
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The  following  table  contains  the  experimental  data,  showing  the 
velocity  of  combination  of  triethylamine  with  ethyl  iodide  in  hexane, 
hexamethylene,  and  benzene  : 


Hexane. 


t. 

X. 

C. 

60 

1-5 

0-00018 

90 

2-0 

0-00018 

80 

3-6 
Mean 

0-00017 

...     0-00018 

t. 

30 

60 

90 

120 

Hexamethylene. 


t. 

120 
180 
220 


Benzene. 

X, 

16-75 

27-78 
37-93 
41-91 


C. 


2-27 
3-07 
3-95 


0-00016 
0-00017 
0-00018 


Mean 0-00017 


C. 

0-00665 
0-00641 
0-00672 
0-00602 


Mean  0-00646 


It  will  be  seen  from  these  expei-iments  that  hexamethylene  gives  the 
same  numbers  as  are  obtained  with  hexane,  and  both  exert  a  very 
considerable  retarding  influence  on  the  reaction  as  compared  with 
benzene. 

X.  General  Results. 

The  general  results  of  the  study  of  polymethylene  derivatives  in 
respect  to  the  velocity  of  chemical  change  may  be  summed  up  as 
follows : 

1.  The  formation  of  the  closed  polymethylene  ring  from  an  open 
chain  of  normal  structure  proceeds  with  increase  of  velocity.  The 
maximum  increase  occurs  in  the  formation  of  the  pentamethylene 
ring ;  in  the  case  of  the  hexamethylene  ring  the  increase  is  less,  and 
the  heptamethylene  ring  is  formed  with  the  minimum  increase  of 
velocity. 

2.  The  increase  of  velocity  at  the  closing  of  the  open  chain  is  not  a 
specific  property  of  the  polymethylene  ring,  but  is  a  general  phenomenon 
observed  in  the  formation  of  all  ring  systems,  alicyclic  and  hetero- 
cyclic. 

3.  The  constants  of  velocity  decrease  according  as  the  number  of 
methylene  groups  in  the  polymethylene  rings  increases.  The  decrease 
is  of  the  same  order  as  is  observed  in  the  homologous  series  of  open 
chain  normal  satm-ated  carbon  compounds. 

4.  The  secondary  polymethylene  alcohols  in  which  the  hydroxyl 
group  is  attached  to  the  carbon  atom  of  the  ring  are  typical  secondary 
alcohols.     Their  esterification  constants  are  higher  than  those  of  the 
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normal  saturated  secondary  alcohols.  Hence,  the  polymethylene 
alcohols  give  higher  constants  than  all  the  secondary  alcohols  studied. 
The  constants  of  the  derivatives  of  cyc^opentanol  are  the  highest ; 
cyc^ohexanol  gives  much  lower  values,  and  cycZoheptanol  still  less. 

5.  Tbe  side  chain  combined  with  the  carbon  atom  united  with  the 
hydroxyl  group  gives  rise  to  the  formation  of  the  polymethylene 
tertiary  alcohols.  Their  esterification  constants  are  very  low,  but 
esterification  proceeds  I'egularly ;  this  is  not  the  case  with  saturated 
tertiary  alcohols,  but  is  characteristic  of  phenols. 

6.  When  the  side  chains  are  in  the  ortho-  and  diortho-positions,  a 
great  decrease  in  the  esterification  constants  is  observed.  This  effect, 
commonly  ascribed  to  the  benzene  ring  alone,  is  a  general  property  of 
all  classes  of  chains,  whether  open  or  closed,  and  containing  carbon  or 
other  elements. 

7.  When  the  side  chain  is  in  the  position  (3)  or  (4)  of  the  poly- 
methylene ring,  an  increase  of  the  constants  is  observed,  so  that  in  the 
hexamethylene  series  the  value  of  the  constant  of  the  first  member  of 
the  series  is  exceeded. 

8.  This  property  is  not  con6ned  to  the  polymethylene  ring,  but 
applies  generally  to  ringed  systems,  alicyclic  and  heterocyclic.  As  the 
open  chain  compounds  show  no  such  increase  of  velocity,  this  is  an 
important  characteristic  of  closed  chains. 

9.  When  a  hexamethylene  ring  is  introduced  into  the  open  chain  of 
an  alcohol,  the  decrease  of  the  esterification  constants  is  much  more 
than  is  effected  by  the  benzene  ring. 

10.  Hexamethylene,  like  hexane,  exerts  a  very  considerable  retard- 
ing influence  when  used  as  a  solvent  in  these  reactions. 

folytechnikum, 
St.  Petersburg. 


CLIII. — Separation  of  aa-  and  ^^-Dimethyladijnc  Acids. 

By  Arthur  William  Crossley  and  Nora  Renouf. 

In  a  paper  entitled  "  Synthesis  of  Dibasic  Acids,"  Blanc  {Bull.  Soc, 
chim.,  1905,*  [iii],  33,  889)  states:  "Dans  les  eaux  m^res  de  I'acide 
aa-dimethyladipique,  il  n'a  pas  6te  possible  de  trouver  trace  de  I'isomfere 
(3(3.  II  n'est  cependant  pas  impossible  qu'il  en  existe  parceque  le 
melange  des  deux  corps  est  absolument  impossible  a  scinder  et  ne 
cristallise  pratiquement  pas." 

In  connection  with  another  research  (this  vol.,  page  1557),  it  had 
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been  found  that  aa-dimethyladipic  acid  crystallised  readily  from  hydro- 
chloric acid,  whereas  ^/3-dimethyladipic  acid  did  not. 

The  following  rough  experiments  prove  that  )S/3-dimethyladipic  acid 
is  about  ten  to  twelve  times  as  soluble  in  water  saturated  with  hydrogen 
chloride  as  is  aa-dimethyladipic  acid. 

One  gram  of  each  acid  was  dissolved  separately  in  7  c.c.  of  water 
and  hydrogen  chloride  passed  into  the  solution  without  cooling  vintil 
no  more  gas  was  absorbed.  On  standing,  crystals  separated  in  both 
cases,  but  those  of  the  j8/?-acid  readily  redissolved  on  passing  more 
hydrogen  chloride  into  the  solution,  whereas  those  of  the  aa-acid  did 
not.  The  solutions  were  then  completely  saturated  in  the  cold  with 
hydrogen  chloride  and  allowed  to  stand  fifteen  hours,  when  0"75  gram 
of  the  aa-acid  and  only  0*05  gr.im  of  the  j3j3-Sicid  separated. 

Moreover,  /3^-dimethyladipic  acid  differs  appreciably  in  solubility  in 
water  and  in  a  mixture  of  chloroform  and  light  petroleum  (40 — 60°) 
from  aa-dimethyladipic  acid,  and  it  has  now  been  found  possible  to 
effect  a  separation  of  a  mixture  of  the  two  acids  by  taking  advantage 
of  these  different  solubilities. 

In  the  first  place,  the  method  was  tried  with  a  mixture  of  one  gram 
each  of  pure  aa-  and  /8^-dimethyladipic  acids,  which  was  dissolved  in 
12  c.c.  of  water  and  the  whole  completely  saturated  in  the  cold  with 
hydrogen  chloride.  The  containing  vessel  was  a  small  Erlenmeyer 
flask,  which  was  corked  and  allowed  to  stand  until  nothing  further 
separated.  After  filtration,  the  mother  liquor  was  returned  to  the 
flask,  the  mouth  of  which  was  loosely  plugged  with  glass-wool,  so  as 
to  allow  hydrogen  chloride  gradually  to  escape,  when  further  crops  of 
crystals  were  obtained.  It  is  of  importance  not  to  allow  crystallisation 
to  take  place  rapidly,  otherwise  a  mixture  of  the  two  adipic  acids  is  apt 
to  separate;  and  therefore,  when  sufficient  hydrogen  chloride  has 
escaped,  as  indicated  by  the  first  appearance  of  solid,  the  glass-wool 
plug  should  be  i-eplaced  by  a  coi-k. 

The  first  fractions  always  consisted  of  pux-e  aa-dimethyladipic  acid  and 
the  process  was  allowed  to  continue  until  a  mixture  separated,  which  was 
easily  ascertained,  because  the  melting  point  of  the  crystals  fell  from 
86 — 89°  to  about  60°.  The  mother  liquor  was  then  evajiorated  with 
frequent  addition  of  water,  so  as  to  expel  all  the  hydrogen  chloride,  and 
it  is  of  great  importance  that  this  should  be  done  very  thoroughly, 
otherwise  the  residue  does  not  solidify  readily. 

The  resulting  solid  was  dissolved  in  a  mixture  of  chloroform  and 
light  petroleum  (40 — 60°),  when  pure  /S/3-dimethyladipic  acid  crystal- 
lised out.  One  such  treatment  was,  however,  insuflicient  to  effect  a 
complete  separation  of  the  two  acids,  and  on  evaporating  the  chloro- 
form and  light  petroleum  a  residue  was  always  obtained,  with  which 
the  whole  separation  process  was  repeated. 

5  K  2 


1554  CROSSLEY    AND    RENOUF  :   SEPARATION   OF 

The  following  are  the  actual  details  of  one  of  the  many  experiments 
tried  with  one  gram  of  each  of  aa-  and  /S/3-dimethyladipic  acids 
dissolved  in  12  c.c.  of  water  : 


Time  of 

Amount  of 

Mixed  m.  p. 

standiug. 

fraction. 

M.  p. 

with  oa-acid 

3  days 

0"4  gram 

88—89° 

88—89° 

2     ,, 

0-1     „ 

88—89 

88—89 

1     ,. 

0-1     ,, 

87—88 

88—89 

4     „ 

0-2     „ 

87—88 

88—89 

2     „ 

0-1     „ 

80—81 

60—61 

The  mixed  melting  point  of  the  last  fraction  of  solid  with  /8/3-di- 
methyladipic  acid  was  82 — 83°,  and,  after  one  recrystallisation  from  a 
mixture  of  chloroform  and  light  petroleum,  86 — 87°,  showing  that  it 
consisted  of  pure  ^/3-dimethyladipic  acid.  The  hydrochloric  acid 
solution  was  then  evaporated  to  dryness,  and  the  residue  ci-ystallised 
from  chloroform  and  light  petroleum,  when  0'6  gram  separated,  melt- 
ing at  85 — 86°,  nor  was  this  melting  point  altered  on  mixing  with  pure 
/8;Q-dimethyladipic  acid.  The  whole  process  was  repeated  with  the 
solid  obtained  by  evaporating  the  chloroform  and  light  petroleum 
mother  liquor,  giving  a  further  0"1  gram  each  of  aa-  and  ;8/3-dimethyl- 
adipic  acid,  so  that  starting  with  1  gram  of  each  acid  it  was  possible  to 
separate  from  the  mixture  0"9  gram  of  the  aa-acid  and  0*8  gram  of  the 
/3^-acid,  both  in  a  pure  state. 

The  method  was  then  further  tested  by  applying  it  to  the  mixture 
of  aa-  and  )8/?-dimethyladipic  acids,  produced  by  oxidising  the  diniethyl- 
tetrahydrobenzenes  resulting  from  the  action  of  alcoholic  potassium 
hydroxide  on  3-bromo-l  :  l-dimethylhexahydrobenzene  (see  page  1556). 
Seventeen  grams  of  the  mixture  of  hydrocarbons  gave  9  grams  of 
solid  oxidation  product,  which  were  dissolved  in  six  times  their  weight 
of  water,  the  solution  saturated  in  the  cold  with  hydrogen  chloride, 
and  treated  exactly  as  described  above,  when  the  following  fractions 
wei'e  obtained 


I 


Lined  : 

Amount  of  fraction. 

M.  p. 

Mixed  m.  p.  with  oa-acid 

0-1   gram 

86—87° 

87—88° 

0-4     ,, 

86—87 

87—88 

0-2     ,, 

88—89 

88—89 

0-2     ,, 

88—89 

88—89 

0-6      „ 

60-62 

— 

The  last  fraction  was  returned  to  the  mother  liquor,  the  whole 
evaporated,  taking  care  to  get  rid  of  all  traces  of  hydrogen  chloride, 
and  the  residue  crystallised  from  chloroform  and  light  petroleum,  when 
2'9  grams  of  solid  separated,  melting  at  84 — 85°,  and  when  mixed 
with  jS^-dimethyladipic  acid  at  85 — 86°.  As  no  further  crystallisation 
took  place,  the  whole  was  evaporated  and  the  entire  process  repeated, 
which  gave  a  further  0'8  gram  of  pure    aa-dimothyladipic  acid,  I'O 
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gram  of  the  jS/S-acid,  and  a  residue  of  1'3  grams,  containing  adipic 
acids  as  shown  by  the  fluorescein  reaction  (see  below),  but  which 
was  not  further  examined.  Nine  grams  of  the  raw  oxidation  product 
gave  therefore  1'7  grams  of  pure  aa-dimethyladipic  acid,  39  grams  of 
pure  /3j8-dimethyladipic  acid,  and  a  residue  of  1'3  grams,  in  all  G9 
grams,  indicating  a  loss  of  2'1  grams  of  material. 

In  another  experiment,  5  grams  of  solid  yielded  1'2  grams  of  the 
aa-acid,  20  grams  of  the  /8/3-acid,  and  0'6  gram  of  a  residue,  that  is,  a 
loss  of  1"2  grams.  It  Avas  ascertained  that  more  than  half  of  this 
loss  took  place  during  the  first  evaporation  of  the  hydrochloric  acid 
mother  liquors,  and  probably  means  that  there  was  some  volatile  oxi- 
dation pi'oduct  in  the  original  mixture,  otherwise  the  loss  is  not  large 
considering  the  number  of  crystallisations  and  filtrations  which  is 
necessary. 

In  the  paper  by  Blanc,  already  referred  to  (page  899),  it  is  further 
stated  that  "  )8/8-dimethyladipic  acid  melts  at  the  same  temperatui'e 
as  the  aa-acid,  namely  87°,  and  has  the  same  properties,  such  as 
crystalline  form  and  solubilities."  We  cannot  agree  with  any  of  these 
statements,  for  after  crystallisation  from  a  mixture  of  chloi'oform  and 
light  petroleum,  aa-dimethyladipic  acid  melts  at  89 — 90°,  whei'eas  the 
(S/S-SLcid,  when  similarly  purified,  melts  at  86 — 87°.  Moreover,  the 
aa-acid  separates  in  radiating  clusters  of  slender  needles,  whilst  the 
/8/3-acid  separates  in  radiating  clusters  of  well-formed,  transparent, 
rhombic  plates,  which  there  is  no  possibility  of  mistaking  ;  further, 
the  solubilities  differ  very  considerably,  as  already  pointed  out  (see 
page  1553). 

Another  property  of  these  acids  which  was  observed  during  the 
course  of  this  work  and  which  is  being  further  investigated,  is  that 
they  give  a  very  decided  fluorescein  reaction,  and  here,  again,  there  is 
a  notable  difference  in  the  behaviour  of  aa-  and  ;8/?-dimethyladipic 
acids. 

To  a  small  quantity  of  pure  aa-dimethyladipic  acid,  an  equal  bulk 
of  resorcinol  and  two  or  three  drops  of  concentrated  sulphuric  acid 
were  added,  and  the  whole  warmed,  when  a  yellow  solution  was 
formed,  turning  to  deep  orange-red  and,  finally,  deep  reddish-brown. 
The  addition  of  sodium  hydroxide  caused  the  solution  to  acquire  a  red- 
currant  colour  and  a  slight  green  fluorescence,  both  of  which  were 
destroyed  by  acid  ;  nor  did  the  red-currant  colour  return  on  the  addi- 
tion of  a  large  excess  of  sodium  hydroxide,  but  the  solution  became 
yellow,  with  a  very  decided  green  fluorescence. 

The  colour  changes  observed  when  yS^-dimethyladipic  acid  was 
heated  with  resorcinol  and  sulphuric  acid  were  similar  to  those 
described  above,  but  the  addition  of  sodium  hydroxide  produced  a 
very  deep  crimson-lake  colour,  which  was  much  more  intense  than  the 
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corresponding  colour  given  by  aa-dimethyladipic  acid ;  moreover,  the 
solution  had  a  slight  violet,  and  not  a  green,  fluorescence.  On  adding 
acid  the  colour  was  destroyed  and  a  yellow  solid  separated  ;  the  intense 
colour  returned  on  the  addition  of  excess  of  sodium  hydroxide,  and  on 
pouring  into  water  the  solution  acquired  a  very  decided  violet 
fluorescence. 

The  reaction  was  also  tried  with  pure  adipic  acid,  when  it  was  found  to 
take  place  exactly  as  with  ^yS-dimethyladipic  acid,  only  the  colour  and 
fluorescence  were  still  more  pronounced. 

Research  Lacoratory,  Pharmaceutical  Society, 
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CLIV. — Action   of  Alcoholic   Potassium   Hydroxide   on 
S-Bromo-l  :  l-Dimethylhexahydrohenzene. 

By   Arthur   William    Crossley   and    Nora   Renouf. 

Some  time  ago  (Trans.,  1905,  87,  1497)  we  described  the  preparation 
of  3-bromo-l  :  1-dimethylhexahydrobenzene  (I),  and  also  the  action  of 
alcoholic  potassium  hydroxide  on  this  substance  (ibid.,  p.  1499),  which 
was  stated  to  give  rise  to  1  : 1-dimethyl-A^-tetrahydrobenzene  (II) 
only,  and  not  to  the  isomeric  tetrahydrobenzene  with  the  double  bond 

CMe^<^WBr^CH,  CMe,<^^^7jjf  >CH 

(I.)  (H.) 

in  the  A^-position.  This  conclusion,  which  was  based  on  the  resvilt 
of  oxidation  experiments,  was  so  unexpected  that  it  appeared  desirable 
further  to  investigate  the  supposed  1  :  1-dimethyl-A^-tetrahydro- 
benzene,  especially  as  there  appeared  to  be  a  fairly  easy  means  of 
deciding  the  point  at  issue.  If  this  hydrocarbon  has  the  constitution 
represented  by  formula  II,  then  on  treatment  with  bromine  it  would 
give  rise  to  3  : 4-dibromo-l  :  1-dimethylhexahydrobenzene  (HI),  which, 


CMe,<gg^:^IJ^^>CHBr     -->     CMe,<^|-^g^CH 

(III.)  (IV.) 


on  treatment  with  a  reagent  capable  of  removing  the  elements  of 
hydrogen  bromide,  should  yield  1  :  l-dimethyl-A'-'^-dihydrobenzene 
(IV)  (Trans.,  1902,  81,  832). 

Two  quantities  of  36   grams   of   dibromodimetbylhexahydrobenzene 
(Trans.,   1905,  87,    1501)  were  therefore  treated  with  85  grams  of 
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freshly  distilled  quinoline  exactly  as  previously  detailed  (Trans., 
1906,  89,  45),  the  only  difference  being  that  the  reaction  temperature 
was  about  195°.  The  resulting  liquid  was  then  passed  through  the 
vapour  of  quinoline,  but  as  this  treatment  proved  insufficient  for  the 
complete  removal  of  the  bromine,  it  was  boiled  with  alcoholic 
potassium  hydroxide,  the  separated  hydrocarbon  heated  for  two  hours 
over  metallic  sodium  and  distilled,  when  13  grams  passed  over  between 
114°  and  118°.  The  major  portion  boiHng  at  114 — 116°  was 
analysed  : 

0-1090  gave  0-3523  CO.  and  0-1172  H^O.     0  =  88-15;  H  =  11-94. 
CgHi^  require's  0  =  87-27  ;  H=  12-73  per  cent. 
CgHia        „        0  =  88-88;  H  =  ll-ll       „ 

Though  the  hydrocarbon  had  the  odour  and  gave  the  colour 
reaction  characteristic  of  1  :  l-dimethyl-A-'^-dihydrobenzene,  this 
analysis  proved  it  to  be  an  undoubted  mixture  of  dimethyldihydro- 
and  dimethyltetrabydro-benzenes. 

In  order  to  obtain  further  evidence  on  this  point,  10  grams  of  the 
hydrocarbon  were  oxidised  with  potassium  permanganate  in  the  usual 
manner,  a  process  which,  though  very  rapid  at  first,  required  ninety- 
six  hours  for  completion.  This  fact  alone  afforded  proof  of  the  pre- 
sence of  dimethyltetrahydrobenzene,  because  this  substance  is  only 
very  slowly  attacked  by  potassium  permanganate  (compare  Trans,, 
1905,  87,  1502),  whereas  dimethyldihydrobenzene,  is  instantly 
oxidised.  Being  still  under  the  misapprehension  that  the  dibromo- 
dimethylbexahydrobenzene,  from  which  the  mixture  of  hydrocarbons 
had  been  prepared,  was  a  homogeneous  substance,  the  products 
expected  were  as-dimethylsuccinic  acid,  resulting  from  the  oxidation 
of  the  dimethyldihydrobenzene,  and  )8/S-dimethyladipic  acid,  from 
the  oxidation  of  the  dimethyltetrahydrobenzene. 

OMe  <CH2-00,H 

Now  it  had  been  ascertained  in  another  series  of  experiments  that 
/3^-dimethyladipio  acid  does  not  crystallise  at  all  readily  from 
water  saturated  with  hydrogen  chloride,  whereas  this  is  the  best 
solvent  for  the  crystallisation  of  as-dimethylsuccinic  acid.  The  raw 
oxidation  product  (6-5  grams)  was  therefore  dissolved  in  water 
and  the  solution  saturated  with  hydrogen  chloride,  when,  on 
standing,  2-2  grams  of  needle-shaped  crystals  separated,  melting 
sharply    at    85 — 86°,    and    after    crystallisation    froni  a  mixture  of 
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benzene  and  light  petroleum  at  88 — 89°.     On  analysis,  the  following 
numbers  were  obtained  : 

0-1082  gave  0-2190  COg  and  0-0804  H2O.     C  =  55-20  ;  H  =  8-26. 
C8HJ4O4  requires  C  =  55-17  ;  H  =  8-04  per  cent. 

That  this  substance  consisted  of  aa-dimethyladipic  acid  was  proved 
by  the  mixed  melting  point  method  and  by  the  preparation  from  it  of 
an  anilic  acid  (compare  Blanc,  Bull.  Soc.  chim.,  1905,  [iii],  33,  894). 

The  hydrochloric  acid  mother  liquors  were  then  evaporated  to 
dryness,  heated  with  excess  of  acetyl  chloride,  and  the  resulting 
anhydrides  distilled  in  air,  when  the  majority  passed  over  about  200° ; 
then  decomposition  set  in  and  an  odour  of  peppermint  was  evolved, 
due,  no  doubt,  to  the  decomposition  of  some  remaining  dimethyladipic 
anhydride.  The  distillate  was  shown  to  consist  of  the  anhydride  of 
as-dimethylsuccinic  acid  («)  by  converting  a  portion  into  the  anilic 
acid,  which  crystallised  from  methyl  alcohol  in  nacreous,  scaly  needles 
melting  at  185 — 186°  with  evolution  of  gas,  and  (b)  by  heating  the 
remainder  with  water,  when  the  acid  formed  crystallised  from  hydro- 
chloric acid  in  needles  melting  at  140 — 141°. 

This  experiment  suggested  the  possibility  of  being  able  to  separate 
a  mixture  of  aa-  and  /3j8-dimethyladipic  acids  by  means  of  their 
different  solubilities  in  water  saturated  with  hydrogen  chloride,  a 
possibility  which  has  been  realised  and  which  is  dealt  with  in  a 
separate  communication  (see  p.  1552). 

It  also  at  once  proved  that  the  tetrahydrobenzene  contained  in  the 
mixture  of  hydrocarbons  must  have  been  1  : 1-dimethyl-A^-tetrahydro- 
benzene,  and  therefore  that  the  supposed  1  : 1 -dimethyl- A^-tetrahydro- 
benzene,  which  formed  the  starting  point  of  this  investigation,  was 
not  a  homogeneous  substance,  but  consisted  of  a  mixture  of  1  :  1-di- 
methyl-A^-tetrahydrobenzene  and  1  :  1-dimethyl-A^-tetrahydrobenzene. 
If  this  were  so,  then  on  oxidation  a  mixture  of  aa-  and  /3^-dimethyl- 
adipic  acids  would  be  obtained,  and  as  it  had  been  found  possible,  contrary 

uivieo^(^jj^.^jj^^u±i  ^        '"^'^^2\cH2-CH2-C02H' 

CMe2<gjj^.(,jj^>CH2         -^         ^^®2<cH2.CH2-CH2-C02H- 

to  the  statement  of  Blanc  (Bull.  Soc.  chim.,  1905,  [iii],  33,  889),  to 
separate  these  two  acids,  a  further  quantity  of  20  grams  of  dimethyl- 
tetrahydrobenzene  (Trans.,  1905,  87,  1499)  was  prepared  and  oxidised 
with  jjotassium  permanganate  [ibid.,  p.  1502),  when  11-3  grams  of 
solid  were  obtained.  Treated  by  the  method  described  on  p.  1552, 
this  oxidation  product  yielded  2*9  grams  of  aa-dimethyladipic  acid, 
4-2    grams  of   /3y8-dimethyladipic   acid,  and    2-1   grams   of   a   residue 
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which,  in  addition  to  some  adipic  acids,  may  have  contained  acids  of 
lower  moleculai'  weight,  but  which  was  not  further  investigated  for 
the  reasons  given.  This  proved  definitely  the  correctness  of  the 
above  inference  regarding  the  composition  of  the  substance  pre- 
viously described  as  1  : 1-dimethyl-A^-tetrahydrobenzene.  Moreover, 
the  liquid  never  contains  equal  amounts  of  the  two  hydrocai'bons,  but 
always  a  large  excess  of  1  :  1-dimethyl-A^-tetrahydrobenzene. 

Many  experiments  were  then  made  to  see  if  a  simple  hydrocarbon 
could  be  prepared  by  using  diethylaniline  or  alcoholic  potassium 
hydroxide  of  different  strengths  for  the  removal  of  the  elements  of 
hydrogen  bromide  from  3-bromo-l  :  l-dimethylhexahydrobenzene,  but 
in  all  cases  investigation  of  the  oxidation  products  proved  them  to 
consist  of  aa-  and  /?^-dimethyladipic  acids,  although  in  some  instances 
the  mixture  contained  very  small  quantities  of  the  aa-acid,  which 
it  was  impossible  to  separate  by  any  other  means  than  that  described 
on  page  1552.  The  most  favourable  conditions  for  bringing  about  the 
latter  result  were  those  originally  used,  thus  accounting  for  the  fact 
that  the  presence  of  the  aa-acid  was  then  overlooked. 

It  follows  from  the  above  evidence  that  3  :  4-dibromo-l  :  l-dimethyl- 
hexahydrobenzene (III)  (Ti'ans.,  1905,  87,  1501)  is  a  mixture  of  this 
substance  with  the  corresponding  2  : 3-dibromo-derivative.  When 
treated  with  quinoline,  the  former  loses  the  elements  of  hydrogen 
bromide  to  give  1  :  1-dimethyl-A"  *-dihydrobenzene,  which  forms  the 

main  portion  of  the  resulting  mixture  of  hydrocarbons.  But 
in    the    case    of     2 :  3-dibromo-l  :  l-dimethylhexahydrobenzene,     the 

CM%<CH,--CH?CH,     ->     CMe,<C=0>CH,    or 
III.  V. 


CMe.,<^5-?^>CH„ 


2^CH„-CH 


removal  of  the  hydrogen  bromide  cannot  take  place  in  an  exactly 
similar  manner,  because  the  carbon  atom  to  which  the  f/em-dimethyl 
group  is  attached  has  no  hydrogen  atoms  in  connection  with  it.  The 
reaction  might  take  place  giving  rise  to  a  substance  of  formula  V 
containing  a  treble  bond,  or  the  two  bromine  atoms  might  be  alone 
removed,  possibly  as  a  quinoline  bromide.  The  former  suggestion  does 
not  seem  probable,  because,  altliough  the  hydrocarbon  would  give 
aa-dimethyladipic  acid  on  oxidation,  it  would  be  isomeric  with  di- 
methyldihydrobenzene,    but    analysis     showed     the    substance   to    be 
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a  mixture  of  dimethyldihydro-  and  dimethyltetrahydro-beozenes.  In 
the  latter  case,  1  :  l-dimethyl-A^-tetrahydrobenzene  would  result,  which 
would  also  give  aa-dimethyladipic  acid  on  oxidation,  and,  furthermore, 
its  presence  would  be  in  agreement  with  the  analytical  data. 

Research  Laboratory,  Pharmaceutical  Society, 
17,  Bloomsbury  Square,  W.C. 


CLV. — The   Prejxtration   and   Properties   of  Dihydro- 
p)mylamine  {Pmocamphylamine). 

By  William  Augustus  Tilden  and  Frederick  George  Shepheard,  B.Sc. 

The  chief  product  of  the  reduction  of  nitrosopinene  by  the  action  of 
zinc  and  acetic  acid  is  pinylamine  which  was  first  obtained  by  "Wallach 
and  Lorentz  (Anncden,  1892,  268,  197).  In  addition  to  pinylamine^ 
however,  there  is  always  formed  a  saturated  ketone,  pinocamphone, 
CjoHjgO,  isolated  for  the  first  time  and  studied  by  J.  A.  Smythe 
{Inaug.  Diss.  Gottingen,  1898,  16),  who  obtained  a  yield  corresponding 
to  22  per  cent,  of  the  nitrosopinene  employed.  The  oxime  derived 
from  this  ketone  has  been  described  by  Wallach  {Ayinalen,  1898,  300, 
286)  and  the  product  of  its  reduction  by  alcohol  and  sodium  is  the 
saturated  base  dihydropinylamine,  or,  as  it  is  called  by  Wallach,  pino- 
camphylamine  (Amialen,  1900,  313,  367).  Assuming  G.  Wagner's 
formula  for  pinene,  the  following  expressions  represent  the  course  of 
these  changes  and  the  constitution  of  pinocamphylamine  : 

CHMe-CH  — 

CO 

CH2 — CH 

Nitrosopinene.  Pinocamplioue. 

CHMe— CH— \  CHMe CH— \ 

C:N0H  CMe„     /CH„  CH'NH.,  CMe,      .CH„ 

I  I       2    /       2  I  2,-/2 

CH2 CH— ^  CH2 CH — "^ 

Pinocamplioueoxime.  Pinocamphylamine. 

Smythe  (loc.  cit.,  36)  attempted  the  direct  reduction  of  pinylamine 
by  means  of  amyl  alcohol  and  sodium,  but  without  much  success,  the 
amount  of  the  saturated  base  obtained  being  too  small  for  complete 
purification.  AVallach  contented  himself  with  preparing  and  analysing 
the  carbamide  (m.  p.  204°)  and  the  acetyl  compound  (m.  p.  120°). 

We  find  that  dihydropinylamine  may  be  prepared  easily  and  in  con- 
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siderable  quantity  by  the  direct  reduction  of  nitx'osopinene  by  means  of 
boiling  amyl  alcohol  and  sodium,  or  even  by  the  use  of  ethyl  alcohol 
and  sodium,  although  in  the  latter  case  the  yield  is  much  smaller. 

Preparation  of  Dihydrojnnylamine  and  its  Hydrochloride. — Twenty 
grams  of  nitrosopinene  were  dissolved  in  boiling  amyl  alcohol  and 
24  grams  of  sodium  added  in  small  pieces.  After  the  dissolution  of 
the  metal,  hydrochloric  acid  was  added  in  slight  excess  and  the  amyl 
alcohol  distilled  off  in  steam.  The  residue  was  rendered  strongly 
alkaline  with  potash,  submitted  to  steam  distillation,  the  distillate 
extracted  with  ether,  and^the  base  precipitated  from  the  ethereal 
solution  in  the  form  of  hydrochloride  by  passing  in  gaseous  hydrogen 
chloride.  In  the  most  successful  experiments,  80  per  cent,  of  the 
theoretical  amount  of  hydrochloride  was  obtained. 

The  hydrochloride  is  sparingly  soluble  in  water,  easily  so  in  alcohol, 
and  crystallises  in  silky  needles  which  melt  and  decompose  at  a  tem- 
perature above  300°.     It  sublimes  readily  and  is  saturated. 

Crystallised  from  water,  the  hydrochloride  was  found  to  contain 
two  molecules  of  water  of  crystallisation.  The  results  of  analysis 
were  as  follows  : 

C  =  52-98;H  =  10-95;  N  =  6-54;  Cl  =  15-36;  H^O  (at  110°)  =  16-28. 
C^oHi^NH.„HCl,2H20  requires  0  =  53-19;  H=10-72;  N  =  6-22  3 
CI  =  15-71  ;  and  H^O  =  15-95  per  cent. 

The  hydrochloride  precipitated  from  ether  and  recrystallised  from 
alcohol  was  anhydrous.  It  contained  Cl  =  18-58,  whilst  CJ()H-^7NH.„HC1 
requires  CI  =  18-69  per  cent. 

The  free  base  is  a  colourless  liquid  boiling  at  198 — 199°,  having  an 
odour  very  like  that  of  pinylamine. 

Platinichloride. — This  compound  crystallises  from  alcohol  in  glisten- 
ing, oi^ange-yellow  plates,  insoluble  in  water  and  only  slightly  soluble 
in  cold  alcohol  or  ether. 

It  contained  Pt  =  2702,  whilst  (CioHjYNH,)2H2PtCl^  requires 
Pt  =  27-20  per  cent. 

Picrate. — This  was  prepared  by  dissolving  the  hydrochloride  in  warm 
dilute  alcohol,  and  adding  the  requisite  quantity  of  picric  acid.  It 
crystallises  in  plates  which  are  moderately  soluble  in  water  and  melt 
at  208°. 

Analysed,  it  yielded  C  =  50-51  and  H  =  6-36. 
CioHi7NH.^,C6H3(N02)30H  requires  C  =  50-10  and  H  =  6-05  per  cent. 

Nitrate. — A  small  quantity  of  the  base  was  dissolved  in  acetic 
acid  and  a  saturated  solution  of  sodium  nitrate  added.  The  crystals 
which  were  deposited  were  recrystallised  from  water,  in  which  the  salt 
is  moderately  solu1)le. 
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The  nitrate  crystallises  in  prisms  which  are  easily  soluble  in  alcohol. 
On  being  heated  it  begins  to  decompose  at  176°,  and  melts  with 
evolution  of  gas  at  180°.  It  was  found  to  contain  1^  =  12-90; 
CioHj^NHgjHNOg  requiring  N=  12-98  per  cent. 

Oxalate. — A  hot  concentrated  solution  of  oxalic  acid  was  added 
to  a  dilute  alcoholic  solution  of  the  base.  The  salt  cx*ystallises  in 
small  plates  which  are  only  slightly  soluble  in  cold  water.  It  melts  at 
275°. 

Analysed,  it  gave  N  =  7-21,  whilst  (CjoHj-NH2)2,H2C204  requires 
N  =  7-08  per  cent. 

Acetyl  Derivative.- — This  was  prepared  by  warming  the  base  with 
acetic  anhydride  for  about  an  hour  and  pouring  the  product  into  water. 
The  solid  which  separated  crystallised  from  petroleum  in  fine  needles 
which  melted  at  108 — 110°,  and,  although  reci-ystallised  several  times, 
could  not  be  obtained  with  a  higher  melting  point.  The  melting 
point  of  acetyl  pinocamphylamine  is  stated  by  Wallach  to  be  120*^ 
{Annalen,  1900,  313,  368). 

Analysis  gave  N  =  7'55,  whilst  CjoHi^-NH-CO-CHg  requires  N  =  7-19 
per  cent. 

Benzoyl  derivative,  prepared  by  the  use  of  benzoyl  chloride  and 
potassium  hydroxide,  crystallises  from  alcohol  in  clusters  of  needles 
and  melts  at  144°. 

The  benzoyl  compound,  prepared  from  the  base  made  from  pino- 
camphone,  melts  at  144°,  and  a  mixture  of  the  two  benzoyl  compounds 
also  melts  at  the  same  temperature. 

Analysis  gave  N  =  5-55,  CioHi.-NH-CO-CeHj  requiring  N-5-46 
per  cent. 

Carbamide. — The  hydrochloride  of  the  base  mixed  with  an  aqueous 
solution  of  potassium  cyanate  was  warmed  on  the  water-bath  until 
the  compound  separated  out.  From  dilute  alcohol  it  crystallises  in 
fine  needles  which  melt  at  204°,  the  melting  point  of  the  pinocampbyl 
urea  prepared  by  Wallach. 

Analysis  gave  N  =  14-22,  whilst  C^oHi7-NH-CO-NH2  requires 
N  =  14-30  per  cent. 

From  the  comparison  of  the  benzoyl  derivative  and  the  carbamides, 
there  can  be  no  doubt  about  the  identity  of  the  base  prepared  by  the 
direct  reduction  of  nitrosopinene  with  that  obtained  through  the 
intermediate  steps  represented  by  pinocamphone  and  its  oxime.  This 
is  further  shown  by  the  production  of  the  alcohol  from  dihydropinyl- 
amine  and   comparison  with  pinocampheol  obtained  by  reduction  of 
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pinocamphono  by  sodium  in  the  presence  of  moist  ether  (Smythe, 
loc.  cit.,  21).  From  dihydropinylamine  it  was  obtained  by  wai'ming 
an  aqueous  solution  of  the  hydrochloride  of  the  base  with  the 
calculated  quantity  of  sodium  nitrite.  The  yellow  oil  which 
was  precipitated  was  separated  by  steam  distillation,  dried,  and 
distilled  under  reduced  pressure.  The  boiling  point  at  15  mm.  was 
found  to  be  103°,  that  of  pinocampheol  at  the  same  pressure  being, 
according  to  Smythe,  104 — 105°. 

Royal  College  of  Science, 

LOXDON. 


CLVI. — The   AminodicarhoxyliG    Acid   derived  from 

Pinene. 

By  William  Augustus  Tilden  and  Donalb  Francis  Blyther. 

By  tx-eating  pinene  isonitrosocyanide  with  sulphuric  acid  and  hydro- 
lysing  the  resulting  pseudoxime  by  means  of  hydrochloric  acid, 
Tilden  and  Burrows  (Trans.,  1905,  87,  344)  obtained  an  amino-acid 
to  which  one  of  the  two  following  formulae  was  attributed  : 


pxT  ^CMe(NH.,)-CO.,H  ^„  ^CMeCCO^H)^ 

II. 


^CHg-COgH       "  ^e^io^CHa'NHg 


Assuming  G.  Wagner's  formula  for  pinene  (Ber.,  1894,  27,  1651), 
this  compound  contains  the  dimethylated  tetramethylene  ring  to  which 
Baeyer  has  given  the  name  picean,  and  formula  I  must  be  represented 
as  follows  : 

C02H-CH2-CH<^^|">CH-CMe(NH2)-COoH. 

The  products  of  the  oxidation  of  this  acid  should  be  pinic  and 
ultimately  Baeyer's  norpic  acid  (Ber.,  1896,  29,  1910)  : 

C02H-CH<^^2->CH-CO,H. 

The  study  of  this  amino-acid  has  been  again  taken  up  with  the 
object  of  examining  the  products  of  oxidation,  but  the  work  is  far  from 
complete.  The  amino-acid  hydrochloride  when  treated  with  an 
equivalent  quantity  of  sodium  nitrite  gave  olf  nitrogen,  and  the  ethereal 
extract  contained  a  viscid  acid  substance  only  sparingly  soluble  in  hot 
water.  The  aqueous  solution  of  this  acid  dissolved  lead  hydroxide,  but 
the  lead  and  zinc  salts  could  not  be  made  to  crystallise.     Treated  with 
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a  5  per  cent,  sokxtion  of  permanganate,  i"apid  oxidation  occurred  in  the 
cold.  The  solution,  evaporated  to  a  small  bulk,  acidified,  and  extracted 
with  ether,  gave  a  viscid  substance  possessing  a  peculiar  penetrating 
odour.  These  experiments  will  be  renewed  with  larger  quantities.  In 
the  meantime  the  following  facts  concerning  the  properties  of  the 
amino-acid  and  of  some  of  its  compounds  may  be  recorded. 

Preparation  of  the  Hydrochloride. 

Piaenecarboxylic  acid  pseudoxime  was  dissolved  in  hydrochloric 
acid  in  the  proportion  of  5  grams  to  15  c.c.  of  concentrated  acid  and 
15  c.c.  of  water,  and  the  solution  heated  in  sealed  tubes  to  110 — 120° 
for  four  hours.  A  small  quantity  of  a  dark-coloured  liquid  floated  on 
the  solution,  and  on  steam  distillation  passed  over  as  a  colourless  oil 
which  has  not  been  further  examined.  The  acid  solution  separated 
from  this  and  evaporated  on  the  steam-bath,  gave  the  hydrochloride, 
which  was  purified  by  recrystallisation  from  dilute  hydrochloric  acid. 
The  hydrochloride  forms  long,  coloui'less  prisms  or  plates  which  are 
very  soluble  in  water,  and  wei'e  found  to  contain  13"07  per  cent,  of 
chlorine,  whilst  the  formula  CjjH^c,0^1Sr,HCl  requires  13-37  per  cent. 

It  decomposes  at  about  236"  with  evolution  of  carbon  dioxide, 
accompanied  by  an  odour  resembling  that  of  cymene. 

Preparation  of  the  Acid. 

A  cold  aqueous  solution  of  the  hydrochloride,  triturated  with  a 
slight  excess  of  silver  carbonate,  yielded  a  solution  from  which,  on 
evaporation,  after  removal  of  excess  of  silver  by  means  of  hydrogen 
sulphide,     the    amino-acid   was  obtained  in  crystals. 

The  acid  may  also  be  obtained  by  mixing  a  solution  of  the 
hydrochloride  with  a  solution  of  sodium  carbonate  exactly  equivalent 
to  the  hydrogen  chloride  it  contains.  In  consequence  of  its 
comparatively  slight  solubility  in  water,  the  acid  is  soon  precipitated  in 
a  crystalline  state. 

It  crystallises  from  water  or  dilute  alcohol  in  colourless  prisms 
which  melt  at  273°  with  evolution  of  carbon  dioxide. 

Dried  at  100°  and  analysed,  it  yielded  C  =  57-65  ;  H  =  8-33  ;  N  =  6-12. 
C11H19O4N  requires  C- 57-61  3  H  =  8-36;  N  =  6-13  percent. 

Nitrate. 

The  amino-acid  dissolves  readily  in  dilute  nitric  acid,  yielding  a 
solution  which  deposits  colourless,  radiating  needles  on  evaporation. 
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The  nitrate  is  very  soluble  in  water,  and  melts  at  about  195° 
with  decomposition.  It  yielded  N  =  968,  C^^H^gO^NjHNOg  requiring 
N  =  9"61  per  cent. 

Acid  Oxalate. 

This  salt  is  precipitated  when  concentrated  aqueous  solutions  of  the 
amino-acid  hydrochloride  and  potassium  oxalate  are  mixed.  It 
crystallises  from  water  in  long,  colourless  prisms  which  contain  one 
molecule  of  water  of  crystallisation  and  which  melt  at  279°. 

On  analysis,  the  oxalate  yielded  0  =  45*59;  H  =  6'66;  N  =  4-18; 
H,O  =  5-30. 

CiiHiAN',H2C204,H20     requires     0  =  46-26;     H  =  6-87;    N  =  4-16; 
H20  =  5'34  per  cent. 

Copper  Salt. 

A  hot  dilute  aqueous  solution  of  the  amino-acid  hydrochloride  dis- 
solves copper  carbonate  with  effervescence,  forming  a  bluish-violet 
solution.  If  excess  of  copper  carbonate  is  used,  the  solution  must  be 
filtered  rapidly,  and,  on  cooling,  the  copper  salt  is  deposited  in  brilliant 
blue  prisms  which  are  practically  insoluble  in  water,  alcohol,  and 
ether,  but  soluble  in  acetic  acid,  forming  a  green  solution.  When 
heated,  the  blue  salt  becomes  violet  from  partial  loss  of  water  of 
crystallisation.  At  150°,  the  salt  loses  about  3|^  molecules  of  water, 
but  it  cannot  be  rendered  anhydrous  without  decomposition. 

Analysed,  it  yielded  N  =  4-32,  Cu  =  17'46,  and  17-30. 

C'n"Hi704NOu,4H20  requires  N  =  3-87  ;  Cu  =  17-53  per  cent. 

Monoethyl  Ester  Hydrocliloride. 

This  compound  is  readily  formed  when  hydrogen  chloride  gas  is 
passed  into  a  solution  of  the  acid  hydrochloride  in  absolute  ethyl 
alcohol.  When  nearly  saturated,  colourless  plates  are  deposited 
which  melt  at  241°  and  contain  one  molecule  of  water  of  crystal- 
lisation. 

Analysed,  the  ester  yielded  N  =  4-97;  01  =  11*31;  H20  =  5-71. 
Ci3H230^N,HCl,H20  requires   N  =  4-50;    01=11-37;    H20  =  5-78  per 

cent. 

Monoethyl  Ester. 

The  hydrochloride  of  the  ester  dissolves  readily  in  cold  water.  On 
adding  a  cold  aqueous  solution  of  the  calculated  amount  of  sodium 
carbonate,  the  free  ester  crystallises  out  after  a  few  minutes.     He- 
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crystallised    from  absolute   alcohol,   it  forms    slender    needles,   which 
retain  a  molecule  of  water  of  crystallisation  and  melt  at  250°. 

Analysis  gave  the  following  results:  C  — 56*04;  H  =  900  3  H20  = 
6-59;  Ci3H2304N,H20  requiring  0  =  56-67;  H  =  9-16;  HoO  =  6-55  per 
cent. 

Acetyl  Derivative  of  the  Acid. 

The  amino-acid  hydrochloride  is  soluble  in  a  mixture  of  glacial  acetic 
acid  and  acetic  anhydride,  and  on  heating  the  solution  to  a  tempera- 
ture near  its  boiling  point  for  abovit  five  hours  acetylation  takes  place 
and  hydrogen  chloride  is  expelled. 

The  acetyl  compound  is  deposited  on  evaporating  the  solution,  and 
it  may  be  recrystallised  from  a  mixture  of  glacial  acetic  acid  and  ethyl 
acetate  in  microscopic,  rhombic  plates  which  melt  at  223°. 

It  was  found  to  contain  N  =  5"34,  whilst  Cj3H2iOj;N  requires 
N  =  5-18  per  cent. 

This  amino-acid  and  its  hydrochloride  appear  to  interact  with 
benzaldehyde  and  with  glycocine  when  heated  with  those  substances. 
The  products  will  be  examined  when  more  material  has  been  prepared. 

KoYAL  College  of  Science, 
London,  S.W. 


CLYII. — The  Descrijytioii  and  Specti-ographic  Analysis 

of  a  Meteoric  Stone. 

By  Walter  Noel  Hartley,  D.Sc,  F.E.S. 

The  following  are  particulars  concerning  a  stony  meteorite  from 
Northern  Punjaub,  India.  It  was  sent  from  the  Chemical  Laboratory 
of  the  Medical  College,  Lahore,  by  Lt. -Colonel  Donald  St.  John 
Dundas  Grant,  of  the  India  Medical  Service,  the  Chemical  Examiner 
for  the  Punjaub  Government. 

The  label  attached  was  dated  21/7/97,  and  I  received  the  parcel  on 
September  28th,  1897,  at  Grantown,  Morayshire.  Both  Col.  Grant's 
letter  which  precedied  the  parcel  containing  the  meteorite,  and  the 
label  enclosed  with  the  stone,  described  it  as  having  been  seen  to  fall 
in  the  Kangra  Valley. 

This  shows  it  to  be  of  uncommon  interest,  for  of  all  the  meteorites 
in  the  fine  collection  in  the  British  Museum  there  are  but  few  which 
have  actually  been  seen  in  the  course  of  their  descent  to  earth. 

Description. — The  aerolite  measures  3  in.  x  2  in.  x  2|  in.  (or  75 
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mm.  X  51  X  57);  its  present  weight  is  395  grams,  and  not  more 
than  2  grams,  if  as  much,  have  been  removed. 

It  was  broken  on  one  side  before  it  reached  me,  and  no  doubt 
the  fracture  may  have  been  caused  by  its  fall.  It  is  of  irregular 
shape,  all  angularities  being  rounded  by  incipient  fusion,  and  the  fused 
surface  or  skin  is  for  the  greater  part  quite  black,  but  it  has  a  dark 
red  or  chocolate-coloured  patch  on  one  side.  The  fractured  surface 
shows  a  crystalline  base  with  a  multitude  of  irregularly  shaped  small 
masses  of  metallic  iron  of  bright  silvery  appearance,  about  0'5  to 
1  mm.  in  diameter,  which  are  distributed  through  it.  The  crystalline 
stony  matter  is  of  a  pale  grey  coloux',  and  judging  from  the  spectro- 
graphic  analysis  it  is  probably  a  mixture  of  calcium  orthosilicate  with 
magnesiam  orthosilicate,  corresponding  to  the  minerals  enstatite  and 
olivine.  On  powdering  the  mass,  all  the  metallic  particles  were 
collected  by  a  magnet.  On  immersion  of  the  meteorite  in  water  in 
order  to  take  its  specific  gravity  it  was  found  to  be  porous.  The 
absorbed  water  was  readily  removed  by  suitable  desiccation,  but  the 
exposed  metallic  particles  on  the  fractured  surface  thereby  became 
rusted.  Spectrographic  analyses  were  made  of  the  separated  metallic 
and  the  siliceous  poi-tions  of  the  mineral  according  to  the  modified 
method  already  described  (Hartley  and  Eamage,  Trans.,  1901,  79,  61). 

The  magnetic  metallic  part  was  burnt  in  two  poi-tions  on  ashless 
filter  papers,  ten  of  which  in  the  aggregate  showed  nothing  more 
than  the  feeble  sodium  lines  when  submitted  to  the  same  treatment. 

Analysis  of  the  Siliceous  Portion. — The  reagents  used  were  distilled 
water,  sulphuric  acid,  ammonium  fluoride,  ammonium  cai'bonate,  and 
ammonium  oxalate.  The  former  left  no  residue  on  evaporation.  The 
ammonium  fluoride  was  freshly  distilled  in  a  platinum  retort,  and 
on  subliming  5  grams  in  a  platinum  basin  it  left  no  trace  of  any 
residue.  The  ammonium  carbonate  was  submitted  to  the  same  treat- 
ment and  was  found  to  be  pure.  The  sulphuric  acid  in  the  same 
manner  was  also  proved  to  be  free  from  any  impurity.  The  mineral, 
ground  to  an  impalpable  powder  in  an  agate  mortar,  was  decomposed 
by  digesting  it  with  three  times  its  weight  of  ammonium  fluoride 
mixed  with  seven  times  its  weight  of  pure  sulphuric  acid  at  about 
50°  in  a  platinum  basin.  When  the  silicon  fluoride  had  ceased  to  be 
evolved,  the  temperature  was  raised  until  all  the  sulphuric  acid  and 
much  of  the  ammonium  sulphate  had  been  expelled.  The  residue 
from  this  treatment  was  boiled  with  water  and  a  little  nitric  acid  to 
peroxidise  the  iron  ;  to  this  solution,  reduced  to  a  small  bulk  by 
evaporation,  a  slight  excess  of  ammonia  was  added.  The  precipitate, 
which  contained  chiefly  alumina  and  ferric  oxide,  was  collected  on  an 
ashless  filter  paper,  dried  and  ignited  in  a  roll  of  the  same  paper  in 
the  tiame  of  an  oxyhydrogen  blow-pipe  fitted  with  platinum  jets,  and 
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its  spectrum  was  photographed.  The  solution  containing  the  heavy 
metals  and  metals  of  the  calcium  group  was  mixed  first  with 
ammonium  carbonate  and  filtered,  then  with  ammonium  oxalate,'  and 
again  filtered.  The  filters  were  dried  and  burnt,  the  spectra  being 
photographed  as  before.  The  filtrate  from  the  ammonium  oxalate 
precipitate  was  evaporated  to  a  small  volume,  absorbed  by  ashless 
filter  papers,  and  burnt,  another  photograph  being  taken.  All  these 
manipulations  were  carried  on  in  platinum  vessels. 

The  following  are  the  results  of  the  analyses  : 

The  Metallic  Portion. — Spectra  1  and  2  yielded  iron,  nickel, 
chromium,  cobalt,  gallium,  manganese,  copper,  silver,  lead,  calcium, 
potassium,  and  sodium. 

The  2y>'i'>icipal  constituents  of  the  metal  are  iron,  nickel,  cobalt,  and 
chromium,  with  small  quantities  of  copper,  silver,  lead,  and  gallium. 
The  manganese,  calcium,  potassium,  and  sodium  were  present  in 
minute  proportions. 

The  Basic  Constituents  of  the  Silicates. — Spectra  3,  4,  and  5  showed 
the  presence  of  ii^on,  nickel,  chromium,  gallium,  magnesium  oxide 
bands,  calcium  oxide  bands,  strontium  oxide,  lead,  silver,  manganese, 
potassium,  and  sodium. 

The  princijxd  constituents  of  the  silicates  are  calcium  oxide  and 
magnesium  oxide.     The  other  bases  are  in  minute  proportions. 

The  aerolite  was  put  aside  for  the  purpose  of  making  careful 
chemical  analyses  of  the  metal  and  of  the  non-metallic  portion,  but 
owing  to  various  considerations,  not  the  least  important  being  the 
necessity  for  breaking  off  a  larger  portion  of  the  material,  it  was  decided 
not  to  injure  it  any  further,  but  to  preserve  it  as  a  museum  specimen. 
Royal  College  of  Science,  Dublin. 


CLVIII. — Malacone,  a  Silicate  of  Zirconium,  containing 
Argon  and  Helium, 

By  Edward  Stanhope  Kitchin  and  William    George   Winterson, 

B.Sc.  (Lond.). 

The  earliest  published  account  of  malacone  is  contained  in  a  paper  by 
Scherer  {Pogg.  Ann.,  1844,  62,  436),  who  gave  a  brief  description  of 
the  crystallography  of  this  mineral,  which  forms  greyish-black  crystals 
resembling  porcelain  in  appearance  and  of  the  same  hardness  as 
felspar.  Scherer  found  its  specific  gravity  to  be  3*9 13,  whilst  as  a 
result   of    four    observations    we    obtained    the    value    3*908.     If  the 
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mineral,  however,  is  finely  powdered  and  heated  to  remove  water, 
its  specific  gravity  rises  to  4-232  (Scherer,  4-2).  Of  the  published 
analyses,  which  are  few  in  number,  the  following  may  be  taken  as 
examples  : 


SiOa. 

ZrO,. 

Fe.Oo. 

Y,03. 

Mll^Og. 

CaO. 

MgO. 

H,0. 

1. 

31-31 

63-4 

0-41 

0-34 



0-39 

Oil 

3-03 

2. 

31-87 

59-32 

311 

— 

1-20 

— 

. 

4-00 

3. 

3105 

61-44 

3-29 

— 

0-14 

0  08 

— 

3-09 

No,  1  is  given  by  Scherer  {loc.  cit.)  and  refers  to  a  specimen  of 
malacone  received  from  Hitterb  ;  No.  2  is  by  Hermann,  of  a  specimen 
from  Ilmengeburg  ;  and  No.  3  is  given  by  Rammelsberg  [Mineralchemie, 
p.  891),  the  mineral  analysed  having  been  collected  at  Chauteloupe, 
Haute-Vienne. 

These  analyses  all  agree  fairly  well  and  correspond  with  the  formula 
(according  to  Scherer  and  checked  by  us) 

3(ZiOoSiO.,),Hp. 

The  percentages  calculated  from  this  formula  are  : 

SiOo  =  32-6;  ZrO,  =  6422;  H.30  =  3-18. 

The  fact  that  this  mineral  was  found  to  be  radioactive,  and  to  give 
off  argon  when  heated,  rendered  it  desirable  that  a  more  careful 
examination  should  be  undertaken. 

Its  radioactivity  is  very  slight,  as  the  following  figures  show : 

Natural  leak  of  electroscope... 
10  mg.  powdered  malacone  ... 
10  mg.  standard  UyOg    

These  measurements  were  always  made  over  the  same  ten  divisions 
of  the  electroscope  scale.  By  calculating  the  number  of  divisions 
which  would  have  been  passed  over  in  100  mins.  {a)  by  the  natural 
leak,  (h)  by  the  leak  induced  by  malacone,  and  (c)  by  that  from 
uranium  oxide,  and  then  discounting  the  effect  of  the  natural  leak  in 
the  two  latter  cases,  it  is  possible  to  compare  directly  the  radioactivity 
of  malacone  with  that  of  uranium  oxide.  Thus  it  is  found  that  taking 
the  radioactivity  of  uranium  oxide  equal  to  1,  that  of  malacone 
becomes  0  0161. 

Now  subsequent  analysis  showed  that  malacone  contained  0-33  per 
cent,  of  uranium,  which  on  the  same  scale  would  give  malacone 
a  radioactivity  of  only  0  0033.  Hence  the  difference  between  the 
found  and  calculated  values,  that  is,  001636—00033  would  give  the 
radioactivity  due  to  any  constituent  other  than  uranium.  This  is 
equal  to  0-01306.      In  otlier  words,  of  the  total  radioactivity  of  the 

5  L  2 


56  mins. 

a. 

46    ,,     20  sees. 

h. 

46    „     21     „ 

4    „       0    „ 
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substance,  20' 1   per  cent,   is  due  to  uranium  and    79'9   to  other  sub- 
stance or  substances. 

Further,  it  was  found  that  all  the  radioactivity  of  malacone  is 
obtained  after  decomposition  of  the  mineral  in  the  zirconium  dioxide. 
Whether  this  extra  activity  is  due  to  radium  or  not  it  is  impossible  to 
say  at  present.  The  theory  that  radium  is  a  decomposition  product  of 
uranium  has  been  proposed  by  several  observers,  and  may  prove  the 
explanation  of  this  phenomenon.  Experiments  are  about  to  be  under- 
taken in  order  to  ascertain  if  radium  is  present ;  these  will  have  to 
be  performed  in  the  ordinary  way,  by  measuring  the  rate  of  decay  of 
the  emanation  and  by  estimating  the  "  saturation  current "  by  means 
of  the  electrometer. 

If  it  can  be  shown  that  the  uranium  actually  does  disintegrate  ii:ito 
radium,  then  the  presence  of  the  argon  may  be  explained  as  accom- 
panying or  being  produced  during  that  change,  precisely  as  helium 
undoubtedly  is  from  radium.  This  is,  however,  scarcely  likely,  as  then 
argon  should  be  found  in  all  the  uranium  minerals  or,  at  any  rate,  in 
all  those  known  to  contain  radium,  but  experience  shows  that  this  is 
not  the  case.  The  argon  was  extracted  from  the  mineral  and  measured 
as  follows.  A  specimen  of  the  malacone,  well  crystallised,  was 
powdered  and  fused  in  a  hard-glass  tube  with  potassium  hydrogen 
sulphate ;  the  gas  was  collected  by  the  help  of  a  Topler's  pump  and 
analysed.  Discounting  the  sulphur  dioxide  and  oxygen  due  to  the 
decomposition  of  the  acid  sulphate,  it  consisted  of  carbon  dioxide, 
hydrogen,  nitrogen,  argon,  and  helium;  per  hundred  grams  of  mineral, 
the  amount  of  each  gas   by   volume  and   by  weight  is  given  in  the 

following  table  : 

Volume 
in  c.o.'s  at  N.T.  P.  Weight  m  grams. 

Carbon  dioxide  33-24  0  -06530 

Hydrogen    0-57  0-00005 

Nitrogen 0-34  0-00042 

Argon  2-82  0-00504 

Helium  0-94  0-00017 

37-91  0-07098 

The  remarkable  fact  about  malacone  is  its  evolving  argon  when 
decomposed  ;  in  this  it  stands  alone.  This  fact  has  been  demonstrated 
in  three  experiments,  so  that  it  is  beyond  doubt. 

To  explain  the  presence  of  these  gases,  and  also  to  account  for  the 
radioactivity  of  the  malacone,  a  more  detailed  examination  of  the 
mineral  was  undertaken.  In  regard  to  the  radioactivity,  Strutt,  by 
examining  the  emanation  from  malacone,  had  surmised  that  it  was  due 
to  uranium.  The  presence  of  uranium,  however,  is  not  mentioned  in 
any  of  the  earlier  analyses,  so  that  a  special  search  was  made  for 
this,  which  resulted  in  its  discovei-y. 
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The  procedure  was  briefly  as  follows  :  crystals  of  the  mineral,  free 
from  gangue  and  extraneous  matter,  were  very  finely  powdered  and 
sifted  through  the  finest  cambric  so  as  to  produce  an  absolutely 
impalpable  powder.  The  water  was  estimated  by  heating  a  weighed 
quantity  in  a  boat  in  a  stream  of  dry  air  for  four  hours  to  a  tempera- 
ture suflicient  to  soften  the  Jena  glass  tube.  The  whole  was  then 
cooled  in  a  vacuum  and  reweighed,  and  this  treatment  continued  until 
no  further  loss  of  weight  ensued.  During  this  process  the  powder 
became  somewhat  lighter  in  colour,  and  its  specific  gravity  increased 
as  previously  mentioned.  The  mean  of  three  such  experiments  gave, 
as  a  result,  H20  =  1"84  per  cent. 

To  determine  the  silica,  zirconia,  (tc,  Scherer's  method  was  followed. 
A  weighed  quantity  of  the  air-dried  powder  was  fused  with  ten  times 
its  weight  of  mixed  sodium  and  potassium  carbonates.  Less  than  this 
proportion  does  not  appear  to  decompose  the  malacone  thoroughly. 
The  mixtui'e  was  first  melted  over  a  Bunsen  flame  until  the  greater 
part  of  the  effervescence  had  ceased,  and  then  heated  to  whitecess  for 
one  hour  in  a  muflle  furnace.  The  fused  mass  was  cooled  and  then 
extracted  with  cold  water.  By  this  means  the  sodium  and  potassium 
silicates  were  dissolved,  whilst  the  zirconates  were  hydrolysed  and 
zirconium  hydroxide,  Zr(OH)^,  precipitated  as  a  sandy  powder.  The 
precipitate,  however,  still  contained  some  silica  and  the  solution  some 
zirconia.  The  precipitate  was  therefore  after  drying  treated  with 
successive  quantities  of  sulphuric  acid  and  hydrogen  fluoride  and 
ignited,  operations  which  were  repeated  until  no  further  loss  of  weight 
occurred.  This  loss  of  weight  was  added  to  the  silica  obtained.  The 
silica  was  estimated  in  the  usual  way  by  repeatedly  evapjrating  the 
filtrate  from  the  fusion  solution  nearly  to  dryness  with  strong  hydro- 
chloric acid,  and  finally  treating  with  water  and  filtering.  The  silica 
and  paper  were  then  strongly  ignited  and  weighed,  and  the  silica  found 
in  the  zirconium  hydroxide  added  as  indicated  above.  The  mean  of 
three  experiments  gave  Si  =  22*53  per  cent. 

The  zirconium  still  in  the  solution  was  estimated  by  carefully 
neutralising  and  saturating  with  sulphur  dioxide.  The  weight  of  the 
precipitated  zirconium  hydroxide  was  added  to  that  of  the  precipitate 
obtained  from  the  solution  of  the  fu.sed  carbonates  and  the  whole  calcu- 
lated as  ZrO^.  The  mean  of  three  experiments  gave  Zr  =  67  78  per  cent. 
The  solution  now  contained  iron,  calcium,  magnesium,  uranium,  and 
traces  of  yttrium,  cerium,  &c. ;  these  were  all  estimated  in  the  usual 
way,  namely,  iron  as  basic  acetate,  and  weighed  as  FcgOj  ;  calcium  as 
oxalate,  weighed  as  CaO ;  magnesium  as  pyrophosphate,  weighed  as 
MgO ;  and  uranium  as  ammooium  uranate,  weighed  as  UgO,,.  The 
yttrium,  cerium,  etc.,  were  not  separated,  being  present  in  extremely 
small  amount,  though  both  were  separately  identified. 
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The  mean  result  of  three  concordant  analyses  were  : 


FegOs.               CaO.                JIgO. 

U3O,.               Y203,Ce203,&c 

4-93                 0-41                 0-70 

0-33                         0-09 

The  complete  analysis  is  therefore  : 

ZrOo.         SiO.^.        FegOs.      MgO.       CaO. 

UjOg.    Y203,Ce.,03,&e.     HoO. 

67-78         22-53         4-93         0-70         0-41 

0-33               0-09               1-84  = 

:98-57 

Discarding  all  constituents  as  unessential,  except  the  zirconia  and 
the  silica,  the  percentage  of  these  two  would  be  : 

ZrOa,  75-05;  SiOo,  24-95  =  100. 

The  formula  3Zr02,2Si02  requires 

ZrOo,  75-20;  SiOg,  24-80=100 

and  corresponds  to  that  of  a  basic  silicate  of  zirconium,  ZrgSigO^Q. 

Some  previous  work  by  Mr.  Girvan  had  led  to  the  suspicion  that  the 
zirconia  was  not  homogeneous,  for  on  preparing  from  it  the  compound 
ZrOClg  the  product  was  not  so  definite  and  well  crystallised  as  a  sub- 
stance prepared  from  undoubted  zirconium  nitrate.  It  was  accordingly 
suspected  that  the  radioactivity  of  the  mineral  and  the  jjresence  of 
argon  in  it  might  be  accounted  for  by  the  presence  of  some  other 
element  as  an  impurity  which  adhered  to  and  contaminated  the 
zirconium. 

The  method  used  for  checking  the  equivalent  of  the  zirconium  was 
the  indirect  one  of  finding  the  ratio  between  zirconium  and  chlorine  in 
the  compound  ZrOCl^,  prepared  from  the  mineral,  and  comparing  it  with 
that  in  a  sample  of  zirconium  oxychloride  prepared  from  zirconium 
nitrate,  Zr(N03)^.  This  work  had  been  begun  by  Girvan,  who  found 
in  samples  from  malacone  Zr  :  CI  =  1  : 1  84,  whereas  in  a  specimen  pre- 
pared from  zirconium  nitrate  the  ratio  was  1  : 2  03. 

But  on  re-examining  the  matter  it  was  found  that  the  preparation 
from  malacone  was  diificult  to  free  from  uranium,  and  Girvan's  work 
was  repeated  in  the  following  manner. 

It  was  first  necessary  to  prepare  a  quantity  of  zirconium  oxychloride 
from  malacone.  This  was  done  by  fusing  14  grams  of  the  finelj- 
powdered  mineral  with  151  grams  of  fusion  mixtm^e,  the  same  as 
.used  in  previous  analyses.  The  fusion  was  performed  in  a  platinum 
dish,  heated  for  four  hours  to  the  highest  temperature  of  a  muftle 
furnace.  The  product  was  then  extracted  with  cold  water  and  the  zir- 
conium hydroxide  filtered  off.  The  zirconium  still  left  in  solution  was 
separated  as  above  described  and  added  to  the  precipitate.  There 
were  thus  obtained  9*27  grams  of  a  sandy  powder. 
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Now,  according  to  Treadwell,  zirconium  hydroxide,  prepared  by  the 
hydrolysis  of  sodium  zirconate  with  cold  water,  is  entirely  soluble  in 
hydrochloric  acid.  This  was,  however,  found  not  to  be  the  case ;  by 
digesting  the  pi'ecipitate  for  ten  days  with  concentrated  hydrochloric 
acid  in  a  stream  of  the  gas,  only  3-13  grams  dissolved,  and  there  was 
afterwards  no  change  in  weight.  It  was  hoped  from  this  that  some 
separation  had  been  effected,  but  this  was  not  so,  as  all  samples  of 
zirconium  oxychloride  proved  identical.  The  hydrochloric  acid  solution 
was  accordingly  filtered  and  the  zirconium  oxychloride  crystallised 
therefrom.  The  remaining  portion  of  zirconium  hydroxide,  insoluble 
in  hydrochloric  acid,  was  brought  into  solution  by  placing  it  in  boats 
in  a  hard  glass  tube  and  heating  to  dull  redness  in  a  stream  of 
chlorine  gas,  which  was  saturated  with  the  vapour  of  carbon  tetra- 
chloride by  passing  it  through  the  latter  warmed  to  30°.  After  several 
days  of  this  treatment,  the  zirconium  hydroxide  was  converted  into 
the  volatile  zirconium  tetrachloride,  which  condensed  on  the  cooler 
parts  of  the  tube.  This  was  dissolved  in  strong  hydrochloric  acid, 
when  the  zirconium  oxychloride  crystallised  out. 

At  the  same  time,  some  standard  zirconium  oxychloride  was  made 
from  nitrate  of  previously  ascertained  purity  by  digesting  it  for  several 
days  with  pure  hydrochloric  acid  and  crystallising.  Finally,  this  was 
recrystallised  three  times  from  alcohol. 

The  two  samples  of  zirconium  oxychloride  from  malacone,  obtained 
as  above,  were  kept  separate  thi-oughout,  although  no  difference  was 
ultimately  detected  between  them.  The  analyses  were  all  made  in 
the  same  way,  by  taking  an  unweighed  quantity  of  substance  and 
determining  in  it  the  zirconium  and  the  chlorine  and  calculating  the 
ratio  Zr  :  CI.  The  zirconium,  which  must  be  estimated  first,  was  pre- 
cipitated by  adding  ammonium  hydi"oxide  to  an  aqueous  solution  of  the 
oxychloride,  igniting  the  precipitated  hydroxide,  and  weighing  as  ZrO.2. 
The  chlorine  was  estimated  gravimetrically  as  chloride.  In  each  case 
as  a  check,  the  silver  chloride  was  reduced  to  metallic  silver  and 
weighed. 

At  first,  results  closely  resembling  those  of  Girvan  were  obtained, 
lie  had  found  a  ratio  1  :  1"843,  and  the  ratio  was  now  found  to  be 
1  :  1'824.  Hence  it  would  appear  that  this  sample  of  zirconium  oxy- 
chloride was  identical  with  that  of  Girvan.  But  on  recrystallising  the 
salt  from  alcohol,  the  ratio  was  found  steadily  but  slowly  to  increase, 
and,  on  analysing  the  mother  liquors,  uranium  was  found  in  them  in 
Hmall  and  constantly  decreasing  quantities.  The  results  were 
as  follows,  each  being  the  mean  of  four,  two  from  the  original  acid- 
soluble  portion  and  two  from  the  insoluble.  These  two  portions  never 
differed  by  more  than  0-02. 


1  824 

1-830 

1-841 

1-857 

1-863 

1-892 

1-993 

2-031  (?) 
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Original  crop  of  crystals  from  hydrochloric  acid 

Recrystallised  once  from  alcohol 

„  twice       „        „      

„  three  times     „      

„  four         „        „      

„  seven       „       „     

»  ten  „       „     

„  thirteen  „       ,,     

In  the  last  case,  the  quantity  of  material  had  shrunk  so  much  as 
to  render  the  estimation  somewhat  difficult  to  carry  out.  In  any  case, 
however,  the  ratio  was  certainly  not  greater  than  that  given. 

The  ratio,  as  found  from  the  pure  zirconium  oxy chloride  from  the 
nitrate,  was  as  a  mean  of  six  experiments  : 

1:2-011. 

Hence  it  would  appear  that  the  identity  of  the  zirconium  in  mala- 
cone  is  fully  established.  In  the  mother  liquors  from  the  above 
crystallisations,  uranium  was  found  in  small  and  decreasing  quantities. 
The  presence  of  this  substance  undoubtedly  accounts  for  the  incorrect 
ratio  of  zirconium  to  chlorine  hitherto  found,  although  why  it  should 
adhere  so  obstinately  to  the  zirconium  is  not  easy  to  say.  Also  the 
fact  that  the  zirconium  hydroxide  can  be  separated  into  two  fractions 
by  treatment  with  hydrochloric  acid  is  curious,  although  a  parallel  to 
this  is  to  be  found  in  the  behaviour  of  ferric  hydroxide.  If  the  radio- 
activity of  malacone  is  to  be  explained,  as  Strutt  suggests,  by  the  pre- 
sence in  it  of  uranium,  how,  then,  can  the  presence  of  argon  be 
accounted  for  1  It  is  hardly  likely  that  argon  is  a  disintegration  pro- 
duct of  uranium,  as  then  it  should  be  found  in  pitchblende  and  the 
other  uraniun^.  ores,  a  phenomenon  which  is  not  found  to  occur.  There 
is  just  the  possibility,  however,  that  argon  may  form  a  compound  with 
zirconium,  although  this  does  not  appear  likely,  and  experiments 
are  about  to  be  undertaken  to  investigate  this  point.  There  is  also  the 
possibility  that  the  argon  may  have  been  occluded  in  the  mineral  during 
its  formation  in  the  same  way  as  were  probably  the  carbon  dioxide 
and  hydrogen.  It  certainly  seems  probable  that  during  that  period  of 
the  earth's  history  the  atmosphere  would  have  contained  a  greater 
proportion  of  the  **  inactive  "  gases  than  it  does  at  present. 

Since  the  commencement  of  the  above  work,  one  of  us  received  the 
information  that  another  argon-containing  mineral  had  been  dis- 
co.vered.  No  references  to  this  were  given  at  the  time,  and  a 
careful  search  through  the  literature  has  revealed  no  account  of  any 
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such  mineral.     Therefore  it  may  be  said  that  in  this  property  malacone 
is  unique. 

We  have  to  express  our  thanks  to  Sir  William  Ramsay  for  suggest- 
ing this  research,  and  for  his  constant  advice  during  its  progress. 

Chemical  Laboratory, 

University  College,  London. 


CLIX. — The   Action    of  Nitrogen  Sulj^hide  on    Certain 
Metallic  Chlorides. 

By  Oliver  Chables  Minty  Davis. 

Demarcay  (Covipt.  rend.,  1880,  91,  854)  states  that  nitrogen  sulphide 
forms  compounds  with  some  metallic  and  non-metallic  chlorides,  but 
he  does  not  describe  the  conditions  under  which  the  reactions  take 
place,  nor  does  he  give  the  composition  or  properties  of  these 
derivatives.  Although  it  has  not  been  found  possible  to  obtain 
derivatives  in  all  the  cases  mentioned  by  him,  yet  several  definite 
compounds  of  nitrogen  sulphide  with  metallic  chlorides  have  been 
prepared  and  examined. 

It  was  found  that  whereas  the  trichlorides  of  arsenic,  antimony,  and 
iron  gave  no  compounds  with  nitrogen  sulphide,  tetrachloride  of  tin 
gave  a  derivative  having  the  formula  SnCl4,2N^S4.  In  the  case  of 
titanium  tetrachloride,  a  derivative  having  the  formula  N4S4,Ti2C]g  was 
obtained,  showing  that  a  portion  of  the  nitrogen  sulphide  first  acted  as 
a  reducing  agent,  presumably  with  formation  of  a  chlorinated  derivative 
which  could  not  be  isolated. 

With  the  pentachlorides  of  antimony  and  molybdenum,  compounds 
having  the  formulae  SbCl5,lSr4S4  and  MoCl5,N'4S4  were  obtained. 

Tungsten  hexachloride  behaves  like  titanium  tetrachloride,  being 
first  reduced  and  yielding  a  compound  with  the  formula  WCI^.N^S^. 

The.-e  derivatives  were  obtained  by  dissolving  the  chlorides  in  a 
large  volume  of  chloroform,  which  was  carefully  dried  over  phosphorus 
pentoxide  before  each  experiment.  To  the  cooled  chloroform  solutions 
Was  added  the  nitrogen  sulphide  dissolved  in  hot  dry  chloroform,  the 
resulting  compound  in  each  case  separating  on  mixing  the  two 
solutions.  Owing  to  the  slight  solubility  of  these  derivatives,  and  the 
fact  that  they  are  decomposed  by  hot  solvents,  they  cannot  be  purified 
by  recrystallisation.     When  exposed  to  the  air  they  are  acted  on  with 
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varying  degrees  of  rapidity,  and  are  best  preserved  beneath  dry 
chloroform,  when  decomposition  is  less  rapid.  It  was  found  necessary 
to  make  the  analyses  immediately  after  preparation  of  the  compounds 
owing  to  their  instability. 

The  nitrogen  was  determined  by  Dumavs'  method,  sulphur  by  Carius', 
and  the  chlorine  by  heating  with  pure  lime.  When  brought  in 
contact  with  fuming  nitric  acid  these  substances  are  explosively 
decomposed. 

Experimental. 
Action  of  nitrogen  sulphide  on  : 


(1)  Tin  Tetrachloride. 

The  stannic  chloride  was  distilled  immediately  before  the  experiment, 
and  dissolved  in  a  large  volume  of  dry  chloroform ;  the  solution  was 
cooled  and  the  nitrogen  sulphide  dissolved  in  hot  chloroform  added  in 
successive  portions.  A  scarlet  compound  separated  immediately,  and 
was  rapidly  filtered  off,  washed  with  dry  chloroform,  and  dried  for- 
about  ten  minutes  on  a  porous  plate. 

On  examination,  it  was  found  to  consist  of  well-defined,  red,  homo- 
geneous crystals  which  were  decomposed  by  hot  solvents,  and  therefore 
could  not  be  purified  by  recrystallisation. 

When  cautiously  heated  the  crystals  began  to  decompose  slowly  at 
165°,  but  when  rapidly  heated  vigorous  decomposition  occurred ;  on 
exposure  to  air,  decomposition  was  gradual,  but  complete  in  a  few 
weeks.  When  kept  beneath  dry  chloroform  or  ether,  crystals  of 
nitrogen  sulphide  were  deposited  in  each  case. 

Analysis  showed  that  the  compound  had  been  formed  by  the  union 
of  one  molecule  of  stannic  chloride  with  two  of  nitrogen  sulphide. 

0-2172  gave  32-6  c.c.  moist  nitrogen  at  21°  and  760  mm.    N  =  17-60. 
0-4816     „     0-4486  AgCl.     01  =  22-98. 
0-2695     „     0-7854  BaSO^.     S  =  40-01. 
SnOl4,2N^S4  requires  N=  17-83  ;  01  =  22-52  ;  S  =  40-73  per  cent. 


(2)  Titanium  Tetrachloride. 

This  reagent,  unlike  stannic  chloride,  does  not  unite  directly  with 
nitrogen  sulphide  to  give  an  additive  compound.  When  the  reaction 
is  allowed  to  take  place  in  chloroform  solution  under  the  conditions 
described  in  the  preceding  case,  a  brilliant  orange-coloured,  crystalline 
substance  separates  at  once  from  the  solvent.  Whereas  the  compound 
obtained  from  stannic  chloride  may  be  readily  dried  on  a  porous  plate 
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without  appreciable  change,  the  titanium    compound  undergoes  very 
rapid  decomposition  on  exposure  to  the  air. 

A  nitrogen  determination  showed  that  the  titanium  chloride  had 
been  reduced  before  combination  with  the  nitrogen  sulphide  took 
place. 

0-2065  gave  20-6  c.c.  moist  nitrogen  at  IS''  and  756  mm.     N  =  11'4. 
N^S^.TigCly  requires  Isr=  ITS  per  cent. 

(3)  Antimony  Fentachloride. 

The  reaction  takes  place  under  conditions  previously  described,  the 
resulting  compound  being  precipitated  in  well-defined,  red  needles 
closely  resembling  those  obtained  from  stannic  chloride.  The  crystals 
gradually  decompose  when  exposed  to  the  air,  and  also  when  preserved 
under  chloroform  ;  rapid  decomposition  takes  place  at  about  222°. 

On  analysis,  it  was  found  that  1  molecule  of  each  reacting  substance 
had  entered  into  combination. 

0-1781  gave  18-00  c.c.  moist  nitrogen  at  14°  and  768  mm.  N  =  12-00. 
0-5441     „     0-8230  AgCl.     CI  =  37-3. 
0-2026     „     0-3860  BaSO^.     S  =  26-2. 

N^S^.SbClj  requires  N  =  11-6  i  Cl  =  36-8  S  =  26-5  per  cent. 


(4)  Molybdenum  Fentachloride. 

This  reacts  readily  with  nitrogen  sulphide,  forming  a  dark  brown 
compound,  which  undergoes  decomposition  with  great  rapidity  when 
separated  from  the  solvent  used  in  its  preparation,  the  colour  changing 
to  a  dark  blue. 

A  nitrogen  determination  showed  the  compound  to  be  analogous  to 
that  obtained  from  antimony  pentachloride. 

0-1540  gave  15*6  c.c.  moist  nitrogen  at  17°  and  772  mm.  N  =  11-91. 
N4S^,MoCl5  requires  N  =  12-24  per  cent. 

(5)  Txmgsten  Hexachloride. 

The  reaction  which  takes  place  in  this  case  somewhat  re.sembles 
that  which  occurs  with  titanium  tetrachloride.  On  adding  nitrogen 
sulphide  to  the  solution  of  the  chloride,  a  brown,  crystalline  compound 
separated  out,  which  underwent  rapid  decomposition  when  exposed 
to  the  air. 

Analysis  showed  that  the  chloride  had  been  reduced  before  combina- 
tion with  nitrogen  sulphide  took  place. 
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0-1726  gave  17-00  c.c.  moist  nitrogen  at  21°  and  758  mm.  N  =  11-17. 
0-3674     „     0-4160  AgCl.     CI  =  27-98. 
0-1500     „     0-2780  BaSO,.     S  =  25-44. 
N^S^AVoCl^  requires  N=  10-97  ;  CI  =  27-8  ;  S=  25-10  per  cent. 

Univeksity  College, 
Bristol. 


CLX. — The   Addition    of   Alkyl    Halides   to   Alkylated 
Sugars  and  Glucosides. 

By  James  Colquhoun   Ievine,   Ph.D.,   D.Sc,   Carnegie   Fellow,  and 
Agnes  Marion  Moodie,  M.A.,  B.Sc,  Carnegie  Scholar. 

Tetramethyl  glucose,  in  common  with  other  methylated  sugars,  is 
converted  into  a  mixture  of  the  corresponding  alkylated  glucosides 
when  subjected  to  the  silver  oxide  and  alkyl  iodide  reaction,  and  the 
13-iorvo.  of  the  hexoside  invariably  predominates  in  the  mixture.  This 
reaction  differs  sharply  in  its  results  from  the  alternative  method  of 
obtaining  the  alkylated  glucosides,  in  which  the  methylated  sugar  is 
condensed  with  an  alcohol  by  means  of  small  quantities  of  hydrogen 
chloride,  as  in  the  latter  case  the  a-form  of  the  product  is  obtained  in 
much  larger  proportion.  It  seemed  to  us  desirable  to  study  more 
fully  the  mechanism  of  the  silver  oxide  reaction,  as  applied  in  this 
way  to  alkylated  sugars,  and  to  elucidate  if  possible  the  remarkable 
tendency  of  the  reaction  to  produce  j8-stereoisomerides.  Tetramethyl 
glucose  was  in  the  first  instance  selected  for  experiment  on  account  of 
its  crystalline  nature  and  its  ready  conversion  into  tetramethyl 
/3-methylglucoside  when  it  is  dissolved  in  methyl  iodide  and  treated 
with  silver  oxide. 

This  interaction  may  proceed  in  either  of  two  distinct  ways.  The 
sugar  undoubtedly  possesses  the  y-oxidic  linking,  and  its  unmethylated 
hydroxyl  group  is  attached  to  the  terminal  carbon  atom.  It  seemed 
possible  therefore  that,  by  the  action  of  silver  oxide,  a  silver  derivative 
might  be  produced  in  which  the  metallic  atom  would  occupy  the 
glucosidic  position,  and  that  this  intermediate  compound  and  methyl 
iodide  would  then  interact.  In  the  event  of  the  j3  i or m  of  the  sugar 
reacting  in  this  fashion  moi-e  readily  than  the  a-isomeride,  then  the 
equilibrium  mixture  of  the  two  forms  might  ultimately  be  transformel 
almost  entirely  into  the  alkylated  )8-glucoside.  It  was  found,  however, 
that  no  action  took  place  when  the  equilibrium  mixture  of  tetramethyl 
glucose  was  dissolved  in  pure  benzene  and  shaken  with  dry  silver 
oxide  for  several  hours.'     This  was  carried  out  at  temperatures  ranging 
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from  20°  to  50°,  conditions  which  approximate  to  those  which  exist 
during  the  process  of  alkylation.  The  specific  rotatory  power  of  the 
solution  remained  constant,  and  the  alkylated  sugar,  when  recovered, 
was  found  to  contain  no  combined  silver  and  to  possess  the  original 
melting  point.  The  substitution  of  acetone  and  other  indiffei'ent 
solvents  for  benzene  similarly  gave  negative  results. 

This  observation  supports  the  view  that  the  alkyl  iodide  must  play 
a  specific  part  in  the  alkylation,  either  by  altering  the  state  of 
equilibrium  of  the  two  forms  of  the  sugar,  or  by  forming  an  additive 
compound  from  which  silver  oxide  would  subsequently  abstract 
hydrogen  iodide. 

The  first  of  these  alternatives  has  been  negatived  in  a  previous 
paper  (Trans.,  1904,  85,  1070),  but  the  possibility  of  sugars  and 
glucosides  forming  additive  compounds  in  which  the  lactonic  oxygen 
displays  quadrivalency  has  already  been  pointed  out,  and  E.  E. 
Armstrong  (Trans.,  1903,  83,  1309)  suggests  that  compounds  of  this 
type  may  play  a  part  in  effecting  the  transformation  of  the  a-  and 
/S-forms  of  a  reducing  sugar,  and  in  the  interconversion  of  a-  and 
/3-glucosides. 

The  possible  addition  of  methyl  iodide  to  tetramethyl  glucose  and 
the  subsequent  removal  of  hydrogen  iodide  may  be  expressed  in  the 
following  alternative  schemes : 

Q Q  Q Q  Q Q  Q Q 

^      ^/OH  +CH3I  ^       ;,^0H  -HI  ^       ^^OIL__^^       C<^^- 

\^^  \    /       ^'^3 

\CH3 

If  the  action  followed  the  above  course,  the  product  would  not  possess 
a  glucosidic  structure,  but  would  consist  of  a  mixture  of  sfereoisomeric 
methyl  hexoses.  Moreover,  any  modification  of  the  above  scheme 
which  would  account  for  the  formation  of  a  glucoside  would  be 
dependent  on  the  transference  of  the  methyl  group  from  the  y-oxidic 
to  the  hydroxylic  position.  As  this  is  most  improbal^le,  we  conclude 
that  the  change  can  only  proceed  through  the  temporary  opening  of 
the  y-oxidic  ring  as  shown  below  : 

C C  C C 

'       I    OK  <.        •       '    on  ^ 

c     c<VJ-^      -- >      c     c^^         -- ^ 

O— I  0-CH, 

\CH3 

c — c  c — c 

'       '    ir  ill    ()(]H 


O  O^— I  0-CH,  O 


O  O 
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The  change,  iuvolving  as  it  does  the  addition  of  an  alkyl  halide  and 
the  removal  of  a  different  molecule,  is  not  strictly  comparable  to  the 
tautomeric  change  a:^  fS  in  a.  reducing  sugar,  for  which  Armstrong's 
theory  (loc.  cit.),  on  which  the  first  alternative  is  based,  offers  a  satis- 
factory explanation. 

With  the  view  of  testing  this  hypothesis  we  examined  the  rotatory 
powers  of  teti^amethyl  glucose  in  various  alkyl  halides,  and  contrasted 
the  values  obtained  with  those  found  in  ordinary  solvents. 

The  alkylated  glucose  required  was  prepared  from  tetramethyl 
a-methylglucoside  {loc.  cit.)  by  boiling  an  aqueous  solution  containing 
10  per  cent,  of  the  alkylated  glucoside  and  12  per  cent,  of  the 
hydrogen  chloride  for  thirty  minutes.  In  this  way  the  yield  of  the 
crystalline  sugar  obtained  was  incx'eased  to  87  per  cent,  of  the 
theoretical  amount.  The  compound  was  recrystallised  several  times 
from  light  petroleum  in  order  to  convert  it  into  the  pure  a-form.  The 
solutions  used  for  the  determinations  were  uniformly  5  per  cent.,  the 
concentrations  being  controlled  by  means  of  density  determinations. 
In  each  case  the  initial  rotatory  power  was  determined  as  rapidly  as 
possible,  after  which  a  trace  of  alcoholic  ammonia  was  added  to. 
promote  mutarotation.  The  permanent  values  fouud  in  the  various 
solvents  are  contrasted  in  the  following  table  : 


Solvent. 
iVcetone  +89 


Benzene  

Carbon  tetrachloride... 

Chloroform 

"Water 

Alcohol  


«]r. 

89-6° 

88-9 

84-8 

84-1 

83-3 

83-1 

Solvent. 
Methyl  iodide    

[air. 

Ethyl  iodide  

Ethyl  bromide   

78-3 

78-7 

Propyl  iodide 

^soPropyl  iodide 

77-5 
78-6 

It  will  be  seen  that  the  effect  of  alkyl  halides  is  invariably  to  lower 
the  optical  rotatory  powers  considerably,  and  this  was  further  demon- 
strated by  examination  of  solutions  in  benzene  and  carbon  tetra- 
chloride of  the  sugar,  together  with  1  molecular  proportion  of  methyl 
iodide.  Even  this  small  quantity  of  the  alkyl  halide  lowered  the 
specific  rotatory  powers  notably,  the  values  then  observed  being  [a]!'" 
83-5°  and  [a]^°  -h  81-0°  respectively. 

It  has  already  been  noted  (Joe.  cit.)  in  the  case  of  methyl  iodide 
that  this  lowering  of  the  rotatory  power  is  not  due  to  the  establish- 
ment of  a  different  equilibrium  in  the  dissolved  sugar,  but  to  a  specific 
effect  of  the  solvent.  It  is  only,  however,  when  the  changes  under- 
gone by  the  various  solutions  during  cooling  are  taken  into  considera- 
tion that  evidence  is  obtained  which  leads  to  the  conclusion  that  alkyl 
iodides  form  oxonium  dei'ivatives  with  the  sugar.  For  this  purpose 
we  utilised  the  various  solutions,  already  referred  to,  which  had 
attained    the   permanent   rotatory   powers,   and    determined    these   at 
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temperatures  ranging  from  +  40°  to  -  20°.  The  conditions  of  the 
experiments,  which  were  strictly  uniform  in  every  case,  may  be  men- 
tioned here.  For  temperatures  above  0°,  a  2-dcm.  jacketed  tube  was 
used,  but  at  lower  temperatures  a  1-dcm.  tube,  adapted  for  the  use  of 
freezing  mixtures  and  provided  with  caps  containing  calcium  chloride, 
was  substituted.  A  thermometer  reading  to  1/20°  was  used  through- 
out, and  the  concentrations  at  the  different  temperatures  were  con- 
trolled by  density  estimations.  Generally  each  solution  was  main- 
tained at  least  one  hour  at  0°  and  at  -  10°  before  the  observations  were 
taken,  and  in  each  case,  after  cooling,  the  solutions  were  reheated  to 
20°  and  the  rotatory  powers  at  this  temperature  redetermined. 
Throughout  the  work  precautions  were  taken  to  prevent  either  the 
access  of  moisture  or  evaporation  of  the  solvent. 

Our  results  show  that  in  the  case  of  solutions  in  acetone,  chloroform, 
or  carbon  tetrachloride,  a  continuous  and  regular  increase  in  specific 
rotatory  power  takes  place  on  cooling  from  -f-  20°  to  —  20°,  and  the 
same  holds  true  for  solutions  in  benzene  within  the  available  range  of 
temperature.  Moreover,  on  reheating  the  cooled  solutions  once  more 
to  -h  20°,  the  rotatory  powers  now  found  for  the  vailous  intermediate 
temperatures  corresponded  with   those  previously  determined  for  the 

same  temperatures  during  the  cooling  process. 

Behaviour  on 
Solveut.  [a]f,      [a]^'',        [a]5\         [a]^'.      [r]-1"\     reheating  to  20°. 

Benzene +88-9°  +897°  +90-3°  —  —     Initial  [o]d  constant 

Carbon  tetrachloride  8-1 -8  87-3           —  +87-8°  +89-9°         ,,  ,, 

Chloroform 841  85-1           —  86-2  87-2  ,,             ,, 

Acetone  89-6  92-4           —  96-1  96-9  ,,             ,, 

On  the  other  hand,  it  was  found  that  solutions  in  alkyl  halides 
behaved  in  a  different  fashion,  as  the  specific  rotatory  powers  at  first 
increased  regularly  Avith  fall  of  temperature,  and  then  suddenly 
diminished  rapidly  on  further  cooling. 

The  following  table  contains  the  results  obtained  in  the  case  of  the 
solution  in  ethyl  iodide,  which  serves  as  a  typical  example  : 

Temperature.  20°.  10°.  0°.  -5°.  -10°. 

Specific  rotatory  power     +78-4°         +797°         +81-6°         +83-9°         +7o-3° 

This  abrupt  fall  in  the  values  between  -5°  and  -10°  is  natur- 
ally in  its- If  no  proof  that  association  of  the  sugar  and  solvent  had 
taken  place.  On  reheating  the  cooled  solution  from  -  10°  to  4-20°, 
however,  the  initial  specific  rotatory  power  at  the  latter  temperature 
was  [a]u°  +  81-2°,  a  value  which  is  higher  than  that  originally  found 
(+  78"4°).  On  standing,  moreover,  at  constant  temperature,  distinct 
mutarotation  was  observed  until  practically  the  original  permanent 
value  ([a]u'-|-  78'8°)  was  attained.  As  this  change  proceeded  by  itself 
very  slowly,   but  was   much  hastened   by  the  addition  of  a  trace  of 
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alcoholic  ammonia,  it  seems  to  be  due  to  the  sugar  partially  undergoing 
tautomeric  change  in  the  sense  a  — >■  (3.  The  solution  on  reheating  to 
20°  must  therefore  have  contained  excess  of  the  a-isomeride,  and  this 
I'esult  is  accounted  for  by  the  assumption  that  at  the  low  temperature 
combination  between  the  a-sugar  and  ethyl  iodide  had  taken  place,  the 
removal  of  the  a-form  being  then  followed  by  a  partial  transformation 
of  the  uncombined  portion  of  the  sugar  in  the  direction  /3  — >■  a  in 
order  to  restore  the  equilibrium.  The  first  effect  of  reheating  the 
solution  would  be  to  dissociate  the  unstable  additive  compound,  and 
thus  liberate  the  a-sugar.  At  20°,  the  dissociation  is  practically  com- 
plete, and  the  slower  tautomeric  change  of  the  sugars  is  then  indicated 
by  mutarotation. 

According  to  our  explanation  of  the  above  results,  the  complete 
cycle  of  optical  changes  produced  on  cooling  such  solutions  and  then 
reheating  them  to  the  initial  temperature  should  be  :  (1)  a  fall  in 
rotatory  power  due  to  formation  of  an  oxonium  derivative.  (2)  Upward 
mutarotation  at  the  low  temperature,  due  to  the  change  (3  — >■  a  in  the 
uncombined  sugar.  (3)  On  reheating,  a  rapid  rise  in  rotatory  power, 
resulting  from  the  dissociation  of  the  oxonium  derivative.  (4)  Down- 
ward mutarotation  at  the  higher  temperature,  due  to  the  change 
a  — >■  /3  in  the  sugar. 

It  might  be  expected  that  there  would  be  a  practical  difficulty  in 
observing  all  these  optical  effects,  as  the  tautomeric  change  in  the  un- 
combined sugar  must  proceed  simultaneously  with  the  formation  or 
dissociation  of  the  oxonium  derivative.  As  a  matter  of  fact,  the 
latter  changes  are  extremely  rapid,  whilst  the  mutarotation  of  the 
sugar  in  alkyl  halide  solution  is  comparatively  slow.  It  should  thus 
be  possible  to  observe  in  succession  both  series  of  optical  changes.  On 
cooling,  the  rotatory  power  of  the  solution  should  at  first  diminish 
rapidly,  and  afterwards  increase  slowly  at  the  same  temperature.  The 
converse  changes  at  constant  temperatui'e  should  be  observed  on  heat- 
ing the  solution  to  a  point  at  which  the  dissociation  of  the  oxonium 
derivative  takes  place. 

This  cycle  of  changes  was  best  realised  in  the  case  of  a  solution  of 
tetramethyl  glucose  in  isopropyl  iodide,  as  the  latter  displays  the 
readiest  tendency  to  form  an  oxonium  derivative  with  the  sugar.  The 
solution  of  the  equilibrium  mixture  of  the  sugar  was  rapidly  cooled  in 
the  polarimeter  tube  and  maintained  at  0°.  An  air  thermometer  was 
immersed  in  the  liquid,  and  readings  were  taken  as  soon  as  the  tempera- 
ture was  constant.  The  initial  specific  rotatory  power  observed  at  0° 
was  [a]S +80-1°,  and  this  rapidly  diminished  to  [a]j;+74-l°.  The 
change  due  to  addition  of  the  iodide  was  now  complete.  On  adding 
a  trace  of  alkali,  mutarotation  occurred,  the  specific  rotatory  power 
increasing  to  [a]o  +77*1°.     After  standing  for  eight  hours  at  0°,  the 
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solution  was  heated   rapidly  to  20°  and  maintained  constantly  at  this 
temperature.     The   reverse  optical   changes   were   then  observed  ;  the 
rotatory   power   increased  from   the   initial    value,  [ajo' +  78"4°,  to  a 
maximum,  [aj^   +80'6°,  and  afterwards  diminished  to  [a]'u°  +  78"0°. 
The  complete  results  for  this  solution  are  tabulated  below  : 

Changes  in  Specific  Rotation  at  Constant  Temperaticre. 


Initial  [a]"^. 

Minimum  [a]"'. 

Final  [a]»;. 

+  80-r 

— > 

+  74-1° 

-- > 

+  77-r 

Initial  [a\f. 

Maximum  [o]^"". 

Final  [a]f . 

+  78 -4° 

-^ 

+  80-6° 

— > 

+  78-0= 

We  have  observed  a  similar  series  of  optical  changes  at  constant 
temperature  in  solutions  of  the  sugar  in  ethyl  iodide  or  9i-propyl 
iodide  which  had  been  cooled  for  three  hours  in  a  mixture  of  solid 
carbon  dioxide  and  ether,  and  then  rapidly  heated  to  20°  and  30° 
respectively.     The  observations  were  : 

Solution  in  Ethyl  Iodide. 

Initial  [a]ff .  Maximum  [a]-J.  Final  [a]20°. 

+  77-4°  — >  +79-5''  — >  +76-8° 

Solution  in  n- Propyl  Iodide. 

Initial  [af^.  Maximum  [af^\  Final  {a]f. 

+  7G-8°  — >  +78-1°  — y  +76-5° 

In  view  of  the  above  results,  we  accepted,  in  our  experiments  with 
other  alkyl  halides,  the  observation  of  a  sudden  diminution  of  rotatory 
power  on  cooling,  together  with  subsequent  mvitarotation  on  reheatiog, 
as  evidence  of  association  of  the  sugar  with  the  solvent.  In  addition 
to  alkyl  halide  solutions,  positive  results  were  also  obtained  in  the  case 
of  solutions  of  the  sugar  in  chloroform  or  carbon  tetrachloride 
containing  a  molecular  proportion  of  methyl  iodide  or  hydrogen 
chloride. 

Solution  in  Methyl  Iodide. 

In  this  case,  owing  to  the  volatility  of  the  solvent,  it  was  found 
impossible  to  preserve  the  concentration  of  the  solution  accurately 
throughout  the  series  of  observations,  and  densities  were  therefore  not 
taken.  The  observed  rotatory  powers  are,  however,  quoted,  as,  in  spite 
of  the  contraction  of  the  liquid  on  cooling,  the  solution  showed  the 
same  regularities  as  other  alkyl  iodides. 

Temperature  20°.  10°.  f".  0°.  -10°. 

Observed  rotatory  ])Owcr  ...      +G-84"     +7 '30°     +7 ■48"     +7 ■02"     +7 '08° 
VOL.   LXXXIX.  5    M 


30°. 

20°. 

10°. 

0°. 

•77-8° 

+  77-6° 

+  77-3° 

+  75-4' 
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Solution  in  n- Propyl  Iodide. 

Temperature   40°. 

Specific  rotatory  power +75'8° 

In  this  case  little  evidence  was  given  of  addition,  and  the  subsequent 
mutarotation  at  20°  was  slight. 

[a]r  +  77-8°  -^  [a]r  +  76-2°. 

Solution  in  isoPropi/l  Iodide. 

Temperature   30°.  20°.  10°.  0°.  -10°. 

Specific  rotatory  power +777°     +78-6°     +79-2°     +72-8°     +70-6° 

On  reheating  to  20°,  [ajo  increased  rapidly  from  +73-5°  to  +78-3° 
and  then  diminished  slowly  to  +  77°. 

Solution  in  Carbon  Tetrachloride  containing  one  Molecular  Proportion  of 

Methyl  Iodide. 

Temperature 20°.  0°.  -10°. 

Specific  rotatory  power  +81-0°  +81*2°  +77'0° 

Solution  in  Carbon  Tetrachloride  containing  one  per  cent,  of  Hydrogen 

Chloride. 

Temperature  20°.  10°.  5°.  0°.  -5°.       -10°. 

Specific  rotatory  power...    +79-6°     +79*9°     +80-2°     +81-8°     +79'9°    +79-4° 

Rotations  of  a-  and  ^-Modifications  of  Tetramethyl  Methylglucoside  in 

Alkyl  Iodides. 

Our  results  show  that  invariably  the  a-form  of  tetramethyl  glucose 
becomes  associated  with  alkyl  halides  more  readily  than  the 
y8-isomeride.  This  view  was  supported  by  experiments  made  with  the 
a-  and  /3-modifications  of  tetramethyl  methylglucoside.  In  the  case  of 
glucosides,  the  problem  under  consideration  is  much  simplified  owing 
to  the  ab.sence  of  ordinary  mutarotation.  In  the  cycle  of  optical 
changes  already  described  for  the  case  of  a  reducing  sugar,  conditions 
(2)  and  (3)  are  thus  eliminated,  and  consequently  any  alterations  in 
the  rotatory  power  are  due  either  to  the  formation  or  dissociation  of 
the  oxonium  derivatives. 

Tetramethyl  a-methylglucoside,  when  cooled  in  acetone  solution, 
showed  practically  a  constant  specific  rotatory  power.  When  dissolved 
in  ethyl  iodide,  the  value  increased  normally  during  cooling  to  0°,  but 
then  diminished  rapidly  on  further  cooling.     As   in  other  cases   in 
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which  oxonium  formation  presumably  occurred,  heating  the  cooled 
solution  to  0°  had  the  effect  of  dissociating  the  additive  compound 
and  an  increase  of  specific  rotatory  power  at  the  constant  temperature 
of  0°  was  thus  observed.  A  solution  of  tetra-acetyl  a-methylglucoside 
in  tsopropyl  iodide  showed  the  same  regularities,  but,  on  the  other 
hand,  tetramethyl  ;8-methy]glucoside  gave  no  indication  of  addition 
when  dissolved  in  ethyl  iodide  and  similarly  treated. 

Solvent.  [a]-"°.        [o]i"'.         [af°.       [o]-"", 

Tetramethyl  a-methy]glucoside   Acetone  +143*2°       —        +14-1'6°  +144'6° 

Ethyl  iodide  ...  +138-1   +1387°  +139-6    +132-9 

Tetramethyl /3-niethyiglucoside   Ethyl  iodide  ...  -17-3      -17-7      -18-6      -18-8 

Tetra-acetyl  a-methylglucoside   woPropyl  iodide  +127-8   +127-6    +129-0    +126-5 


Specific     Rotatory     Powers     of    Tetramethyl     Mannose     at    Different 

Temperatures. 

Tetramethyl    mannose    and    tetramethyl    a-methylmannoside   were 

found  to  behave  in  a   similar  manner  to  the   correspondiug  glucose 

derivatives  when  dissolved  in  alkyl  iodides,  but  the  optical  changes 

were  not  so  pronounced. 

Change 
in  [a]i>  on 
reheating 
Solvent.  [a]f.       {aY'°.     [a]»\      [a];"°.  [«]-i=°.  to  20°. 

(1)  Tetramethyl           Carbon    tetra-\  „      „„..o      „,.(,o  ^,  .,o  ., 
mannose                        chloride j+34  4    +30  6    +25  8    +211        —        ml 

(2)  Tetramethyl                                    \  .,..  .„.„  ._.  ...»             +48-0°^ 
mannose                      Ethyl  iodide../  ^^  ^  ^^  ^  4°  ^  40-7        -     ^^,^.^. 

(3)  Tetramethyl           Carbon    tetra-)  .„  »                           ., 
«-methylmannoside     chloride /  ^^'S  80-4  7/ -4  ,5-3        -         ml 

(4)  Tetramethyl           Carbon    tetra- \  „..,  ^,.^  »^,  -  „.  „    ,  -r  o^ 
«-methylmannoside  chloride +  HCl|  ^^  ^  '^^  '^^  /5-/+/5-8       - 

In  experiments  (2)  and  (4),  the  optical  effect  of  association  is  to 
counterbalance  tlie  regular  decrease  in  rotatory  power  observed  on 
cooling  solutions  in  non-associating  solvents. 

Experiments  made  with  non-alkylated  sugars  or  glucosides  gave  no 
positive  results.  Glucose,  mannose,  a-methylglucoside,  and  sucrose 
were  selected  for  experiment,  and  the  specific  rotatory  powers  of  each 
compound  determined  at  the  usual  temperatures  in  methyl  alcohol 
containing  methyl  iodide.  The  values  found  were  in  some  cases 
slightly  different  from  those  obtained  in  pure  methyl  alcohol,  but  in 
no  case  was  a  change  of  rotatory  power  at  constant  temperature 
observed.  It  would  thus  appear  that  the  presence  of  the  etheric 
groups  in  the  alkylated  sugar  increases  the  basicity  of  the  y-oxidic 
oxygen  atom. 

Similarly,  we    find    that   the   specific   rotatory  power  of   a  typical 
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hydroxy-ethereal  salt  svich  as  ethyl  tartrate,  although  much  diminished 
iu  ethyl  iodide,  shows  no  fluctuations  corresponding  to  oxonium 
formation. 


Rotations  of  Ethyl  Tartrate  at  Different  Temperatures. 

Solvent.  [ajf.         [af^\        [a]f.         [a]!;-.         [a]^°.     [a]-i«\       [«];20°, 

Carbon  tetrachloride...         —  —         +0-98°     -\-V       -3-4°     -4-7°         — 

Ethyl  iodide  +0-95°  inactive    -2-21       -4-47      -7-3      -8-8      -10-1° 

Our  results  are  best  expressed  graphically  in  the  form  of  curves,  the 
abscissae  representing  temperatures  and  the  ordinates  specific  rotatory 
powers. 

In  Fig.  1  the  behaviour  of  solutions  of  tetramethyl  glucose  in 
various  solvents  is  contrasted  with  that  of  the  ethyl  iodide  solution. 

Fig.  1. 


ao" 


10"  O" 

Tetramethyl  glucose 


The  curves  for  ordinary  solvents  are  seen  to  be  quite  normal,  but  in 
the  case  of  the  alkyl  halide  the  sharp  fall  AB  represents  oxonium 
formation  between  -5°  and  -10°,  whilst  CD  corresponds  with  the 
subsequent  mutarotation  at  +  20°. 

Fig.  2  shows  the  effect  of  adding  one  molecular  proportion  of 
either  methyl  iodide  or  hydrogen  chloride  to  a  solution  of  tetramethyl 
glucose  in  carbon  tetrachloride.  The  initial  rotatory  power  is  much 
reduced,  and  the  sharp  descent  of  the  curves  below  0°  indicates  the 
oxonium  formation. 
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In  Fig.  3  the  curve  for  the  ?sopropyl  iodide  sohition  descends 
steeply  from  A  to  B,  indicating  that  addition  begins  above  0"^.  The 
rapid  change  CD  at  20°  corresponds  with  the  dissociation  of  the 
oxonium  derivative. 

Fig.  2. 


v-«IO 


Tetramethyl  glucose. 


-iO° 


Fig.    4   shows  the    complete    cycle    of  changes   observed    with    a 
solution  of  tetramethyl  glucose  in  i«opropyl  iodide.     The  rapid  fall  AB 


Fig.  3. 


3o'  2o*  lo'  o"  -10' 

Tetramethyl  (jliicose  in  \^o2n'opyl  iodide. 


is  due  to  oxonium  formation,  the  subsequent  rise  BC  at  the  same 
temperature  indicates  the  conversion  /3  — •  a  in  the  uncombined  sugar, 
whilst  at  20°  the  rise  DE  and  subsequent  fall  EF  correspond  with  the 
reverse  changes. 
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In  Fig.  5  the  regular  curve  for  tetramethyl  a-methylglucoside  in 
acetone  solution  is  contrasted  with  the  irregular  curve  obtained  for 
the  ethyl  iodide  solution.  The  curve  for  the  /3-isomeride  dissolved  in 
ethyl  iodide  falls,  on  the  other  hand,  quite  regularly. 

There  seems  to  be  little  doubt  that  it  is  the  oxygen  atom  of  the 
y-oxidic  ring  which  participates  in  the  formation  of  oxonium  compounds 
from  alkylated  sugars.  Collie  and  Tickle  have  pointed  out  (Trans., 
1899,  75,  710)  that  compounds  like  dimethylpyrone,  in  which  oxygen 

Fir;.   4. 


^m 


Tetramethyl  glucose  in  isopropyl  iodide.       Changes  in  specific  rotatory  power 
at  0°  and  +  20°. 


is  linked  to  a  penta-carbon  ring,  display  the  readiest  tendency  to  form 
oxonium  derivatives,  whilst  Bredig  [Zeit.  Elektrochem.,  1896,  3,  116) 
and  Walker  {Ber.,  1901,  34,  4117)  find  that  ethylene  oxide  has  only 
slight  basic  properties.  It  would  thus  appear  that  within  certain 
limits  the  basicity  of  the  oxygen  atom  increases  with  the  introduction 
of  more  carbon  atoms  into  the  ring.  Alkylated  reducing  sugars  which 
possess  a  y-oxidic  structure,  and  therefore  contain  an  oxygen  atom 
linked  in  a  tetra-carbon  ring,  might  also  be  expected  to  form  oxonium 
compounds.     In  view  of  the  fact  that  not  only  alkylated  sugars  but 
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also  alkylated  glucosides  enter  into  combination  with  alkyl  halides,  it 
is  evident  that  the  aldose  does  not  react  with  these  solvents  in  the 
aldehydic  form,  but  as  a  y-oxide. 

It  is,  moreover,  unlikely  that  aoy  of  the  etheric  oxygen  atoms  play 
a  part  in  the  addition  of  the  alkyl  halides,  in  view  of  the  fact  that  the 
specific  rotatory  power  of  ethyl  tartrate  in  ethyl  iodide  solution, 
although  much  lower  than  in  carbon  tetrachloride,  undergoes  a 
perfectly  regular  change  between  +  36°  and  -  20°. 

Alkylation  of  Tetramethyl  Glucose  at  Loio  Temjoeratures. 

In  confirmation  of  our  results  we  have  alkylated  tetramethyl- 
glucose  with  silver  oxide    and  methyl  iodide  at    -  10^  and  find  that 


Fig.  5. 
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Tr.tramethyl  methylglucosidcs. 


although  the  action  is  slow,  the  sole  product  of  the  change  is  tetra- 
methyl /3-methylglucoside  unmixed  with  the  a-isomei'ide.  The  materials 
used  were  a-tetramethyl  glucose  (1  mol.),  methyl  iodide  (10  mols.), 
and  dry  silver  oxide  (5  mols.).  The  sugar  was  dissolved  in  the  iodide 
and  cooled  in  a  mixture  of  ice  and  calcium  chloride.  The  silver  oxide 
was  then  added  in  small  quantities  and  the  mixture  kept  actively 
stirred  by  a  mechanical  .'■tirrer,  precautions  being  taken  to  exclude 
moisture.  After  eight  hours'  treatment,  during  which  the  temperature 
varied  from  -15°  to  -10°,  the  product  was  extracted  with  ether. 
After  removal  of  the  solvent,  the   residue    was  extracted  with  light 
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petroleum,  and  in  this  way  the  product  was  separated  from  the 
sparingly  soluble  sugar.  The  extract  on  evaporation  gave  an  oil  which 
crystallised  completely  on  standing.  As  the  substance  melted  at 
39 — 41°  and  behaved  like  a  glucoside  towards  Fehling's  solution,  it  was 
evidently  tetramethyl  /3-methylglucoside,  which  was  apparently  the 
only  product  of  the  reaction. 

Mutarotation  of  a-Tetramethyl  Glucose. 

As  explained  in  the  introduction,  the  permanent  specific  rotatory 
power  of  the  sugar  was  determined  in  several  solvents,  and,  as  the 
material  used  consisted  of  the  pure  a-form,  the  mutarotation  of  each 
solution  was  observed. 

The  following  table  contains  the  results  found  in  solvents  in  which 
the  mutarotation  of  this  compound  has  not  hitherto  been  observed  : 

Solvent.  Initial  [a]'^"'.  Permanent  [o]-'*\ 

Chloroform*   +S7-r  +84-1° 

Carbon  tetrachloride  92 '8  84  "9 

Benzene    114-5  88-9 

Methyl  iodide 107-3  75-3 

Ethyiiodide     86-7  78-3 

Ethylbromide 86-0  78-7 

*  The  specimen  of  chloroform  used  contained  free  acid.  This  seems  to  have 
accelerated  the  change. 

We  are  extending  our  work  with  the  view  of  securing  other 
examples  in  which  oxonium  formation  may  be  detected  by  means  of 
the  polarimeter. 

Our  thanks  are  due  to  Professor  Purdie  for  much  valuable  advice  in 
the  interpretation  of  our  results,  and  also  to  the  Carnegie  Trust  for  a 
research  grant  in  aid  of  the  work. 
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CLXI. — The  Direct  Union  of  Carbon  and  Hydrogen  at 
High  Temperatures. 

By  John  Norman  Pring  and  Robert  Salmon  Hutton. 

Introduction, 

Previous  investigations  have  been  limited  to  a  study  of  the  inter- 
action of  carbon  and  hydrogen  at  temperatures  of  from  1100 — 1300°, 
and  to  an  examination  of  the  compounds  produced  when  an  electric 
arc  is  maintained  between  carbon  electrodes  in  hydrogen. 

The  primary  object  in  view  in  undertaking  the  present  work 
was  to  supplement  previous  observations  by  following  the  course  of 
the  reaction  at  temperatures  intermediate  between  these  two  ex- 
tremes. 

Unforeseen  circumstances,  however,  have  made  it  necessary  to  per- 
form a  number  of  experiments  at  the  lower  temperatures,  the  actiial 
limits  of  the  present  investigation  being  from  1000°  up  to  about 
2800°. 

The  early  work  of  Berthelot  definitely  proved  the  synthesis  of 
acetylene  in  the  arc,  and  somewhat  later  Dewar  demonstrated  that 
carbon  and  hydrogen  unite  to  form  acetylene  at  the  temperature 
of  the  positive  crater  of  the  arc  without  requiring  any  of  the  elec- 
trical conditions  characteristic  of  the  arc  itself. 

Tlie  important  problem  of  the  temperature  at  which  the  acetylene 
first  begins  to  be  formed  still  remained  to  be  investigated. 

As  to  the  synthesis  of  methane  at  lower  temperatures,  opinions  are 
somewhat  divided.  The  work  of  Bone  and  Jerdan  (Trans.,  1897,  71, 
41  ;  1901,  79,  1042)  seemed  definitely  to  have  proved  the  formation 
of  about  1  per  cent,  of  methane  at  1200°,  but  Berthelot,  even  in  his 
most  recent  publication  on  this  subject  (An7i.  Chim.  Phys.,  1905, 
[viii],  6,  183),  emphatically  expresses  his  belief  that  no  hydrocarbons 
are  produced  at  such  temperatures,  provided  the  reacting  materials 
are  subjected  to  an  exhaustive  purification 

The  earlier  experiments  of  the  present  investigation  having  all 
shown  an  unexpectedly  small  formation  of  methane,  it  was  deemed 
advisable  to  include  a  study  of  this  second  problem. 

Exjyerimental  Methods. 

The  chief  experimental  difficulty  lay  in  the  construction  of  a 
reaction  vessel  in  which  carbon  could  be  heated  in  contact  with 
hydrogen,  the  vessel  being  impervious  to  gases,  and  the  possibility 
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of  interaction  between  the  carbon  and  the  walls  of  the  vessel  being 
obviated. 

These  conditions  were  fulfilled  in  the  apparatus  employed,  a 
carbon  rod,  heated  to  any  desired  temperature  by  the  resistance 
which  it  offers  to  an  electric  current  passed  through  it,  being  suit- 
ably mounted  at  a  considerable  distance  from  the  glass  or  metal 
walls  of  the  containing  vessel. 

The  carbon  rods  of  5  and  6  mm.  diameter,  and  about  10  cm.  long, 
were  in  most  cases  mounted  in  water-cooled  brass  tubes,  which  served 
as  the  terminals  for  the  electric  current,  by  electro-coppering  the 
ends  and  soldering  them  into  plugs  which  closed  the  tubes.  In 
some  experiments,  however,  graphite  plugs  were  fixed  to  the  ends 
of  the  water-cooled  tubes,  and  the  rods  firmly  fixed  into  these  plugs, 
this  arrangement  being  particularly  suitable  where  it  is  necessary 
to  submit  the  rods  to  a  preliminary  purification  by  heating  in 
chlorine.  In  both  cases  no  difficulty  is  experienced  in  ensuring 
good  electrical  contacts,  and  arcing  is  quite  avoided,  even  with  high 
current  densities.* 

It  is  surprising  how  completely  the  water  cooling  of  the  terminals 
protects  the  soldered  joint  from  fusing,  although  practically  the 
whole  length  of  the  carbon  is  at  a  high  and  uniform  temperature, 
which  in  some  cases  was  over  2500°. 

Much  of  the  earlier  work  was  carried  out  in  a  tubulated  glass 
flask  of  about  1^  litres  capacity,  as  shown  in  Fig.  1,  a  similar  egg- 
shaped  glass  vessel,  provided  with  a  wide  tube  leading  the  gas 
away  at  the  top  and  admitting  it  again  at  the  bottom,  being  also 
employed  in  some  of  the  experiments  with  a  view  to  ensuring  a 
good  circulation  of  the  gas,  and  thus  facilitating  the  attainment 
of  the  chemical  equilibrium. 

These  glass  vessels  work  quite  satisfactorily,  even  when  the  carbon 
rods  are  raised  to  comparatively  high  temperatures.!  As  they  are 
capable  of  standing  a  vacuum,  they  proved  useful  for  the  prelimin- 
ary treatment  of  the  rods  by  heating  during  evacuation,  with  a 
view  to  expelling  occluded  and  combined  hydrogen. 

*  The  following  figures  give  a  rough  idea  of  the  jjower  expenditure  in  the  exiieri- 
inents  with  6  mm.  rods  ;  the  length  of  rod  used  in  the  different  cases  varied  con- 
siderably, so  that  the  figures  are  of  no  real  value  in  estimating  the  temperatui'e,  &c. 

50  amperes  at  8  volts  at  1000° 

70  ,,  10        ,,        1300 

150  ,,  20        ,,         2000 

250  ,,  30        ,,        2800 

t  In  the  circulation  type  of  apparatus,  temperatures  up  to  2200°  were  obtained 
before  the  glass  began  to  soften  ;  with  the  simpler  type  of  glass  vessel,  the  highest 
temperature  was  about  1900°. 
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In  the  later  work  a  water-jacketed  metal  bell  jar,  a  vertical 
section  of  which  is  shown  in  Fig.  2,  was  employed.  The  bell  jar 
was  provided  with  a  mica  window,  which  enabled  the  rod  to  be  kept 
in  view  during  the  experiment,  and  was  also  required  for  the  optical 
measurement  of  the  temperature.  This  apparatus  proved  itself 
specially  valuable  for  long-continued  experiments,  and  for  the 
higher  temperatures,  as  the  walls  of  the  enclosure  were  kept  effi- 
ciently cool. 

The  water-cooled  brass  tubes  were  fixed  into  the  reaction  vessels 
by  rubber  corks,  which  were  coated  with  cement  (marine  glue  or 

picein  *). 

Fig.  1. 


Scale  about  1:8. 

A  tubulated  glass  flask  of  about  1'5  litres  capacity  forms  the  reaction  vessel.  The 
carbon  rod  is  soldered  into  metal  plugs,  closing  the  ends  of  thin  brass  tubes  which  form 
the  terminals  for  the  electric  current.  The  biass  tubes  are  water-cooled  and  are 
fitted  gas-tight  at  A  and  B  by  meaus  of  rubber  corks  or  cement  into  the  long  side 
tubes  of  the  flask. 


With  regard  to  the  purification  of  the  reacting  materials,  great 
care  was  taken  in  all  cases  to  obtain  the  hydrogen  in  a  pure  state, 
free  from  traces  of  hydi-ocarbon ;  for  this  purpose,  electrolytic  zinc 
and  pure  dilute  sulphuric  acid  were  employed,  the  gases  being  passed 
through  warm  alkaline  permanganate,  then  over  a  considerable 
length  of  red-hot  copper  gauze,  and  subsequently  dried  with  cal- 
cium chloride,   sodium  hydroxide,   and   phosphorus  pentoxide. 

*  (B.  "Walter,  Ann.  Physi/c,  1905,  [iv],  18,  8G0).  — Since  the  cement  was  in  all 
cases  in  close  proximity  to  a  water-cooled  surface,  there  is  little  danger  of  it  con- 
taminating the  gases  by  emitting  vapours.  To  lest  this  point,  several  experiments 
were  carried  out,  iu  which  pure  hydrogen  was  confined  for  some  hours  in  a  vessel 
containing  some  of  the  cement  kept  in  a  water-bath  at  various  temperatures  from 
15'  to  31".  On  analysis,  the  hydrogen  was  found  only  to  contain  from  0'04  to  0'12 
per  cent,  of  hydrocarbon,  estimated  as  metlume. 
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The  purification  of  the  carbons  will  be  considered  in  the  succeed- 
ing section;  suffice  it  to  say  that  in  the  earlier  experiments  great 
reliance  was  placed  on  heating  the  carbon  rods  in  a  vacuum  before 
the  actual  experiment,  as  also  on  the  continued  use  of  the  same 
carbon  rod  throughout  a  long  series  of  experiments. 

In  carrying  out  an  experiment,  the  reaction  vessel  was  filled  with 


Fig.  2. 


Scale  about  1  :  6. 

The  reaction  vessel  consists  of  a  water-jacketed  metal  bell  jar  of  about  7 '5  litres 
capacity,  mounted  on  an  iron  table,  through  which  project  the  water-cooled  brass 
tuljes  which  serve  as  terminals.  The  carbon  rod  is  held  in  graphite  end-pieces, 
which  are  soldered  into  metal  plugs  closing  the  brass  tubes. 


pure  hydrogen  by  prolonged  displacement,  assisted,  when  possible,  by 
intermittent  partial  evacuations. 

The  carbon  rod  was  then  brought  as  rapidly  as  possible  to  the 
desired  temperature,  which  was  measured  by  an  optical  pyrometer 
sighted  on  to  the  incandescent  rod. 

After   some  time   the  current  of   hydrogen  was  stopped,  and   the 
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actual  experimental  run  commenced.  At  intervals,  samples  (about 
50  CO.)  of  the  gas  were  drawn  from  the  apparatiis  by  a  mercury 
pipette,  and  were  temporarily  stored  over  glycerol  to  await  the 
analysis,  which  was  nearly  always  carried  out  within  a  few  hours. 
To  replace  these  small  fractious  of  gas,  fresh  hydrogen  was  simul- 
taneously admitted,  a  slight  positive  pressure  being  maintained 
within  the  reaction  vessel. 

After  each  exioeriment  the  hydrogen  was  displaced  for  several 
hours,  the  heating  of  the  rod  being  often  continued  during  a  portion 
of  this  period. 

Gas  Analysis, 

The  apparatus  employed  for  the  analysis  of  the  gases  was  of  the 
type  designed  by  Sodeau  {J.  Soc.  Chem.  Ind.,  1903,  22,  187  ;  see 
also  Noble,  Phil.  Trans.,  1906,  A,  205,  204).  For  this  work,  the 
measuring  tube  with  a  bulb  and  narrowed  stem  was  used,  the  stem 
being  calibrated  between  35  and  50  c.c,  and  the  readings  being  taken 
to  O'Ol  c.c.  by  means  of  a  cathetometer. 

Carbon  monoxide  was  determined  by  absorption  with  ammoniacal 
cuprous  chloride;  the  directions  for  its  preparation,  given  by 
Hempel,  being  closely  adhered  to,  since  it  was  necessary  to  remove 
this  gas  completely  on  account  of  the  subsequent  estimation  of 
methane.  The  cuprous  chloride  was  frequently  renewed,  and  with 
quite  fresh  reagents  two  separate  treatments  were  always  performed, 
and  when  either  of  the  pipettes  had  previously  been  used  a  third 
absorption  was  carried  out.  Before  measuring  the  total  absorption 
of  carbon  monoxide,  the  gas  was  washed  with  dilute  sulphuric  acid. 

Methane  was  estimated  by  explosion  of  the  residual  mixture  of 
gases  with  oxygen,  and  subsequent  absorption  of  the  carbonic  acid 
with  potassium  hydroxide.  The  mixture  with  oxygen  took  place 
in  the  explosion  vessel,  on  which  the  volumes  were  roughly  marked. 
The  oxygen,  which  was  generated  from  "  oxylith  "  in  a  Kipp's  ap- 
paratus, was  added  in  a  sufficient  quantity  (about  75  c.c.)  to  leave 
from  45  to  50  c.c.  of  residue  after  the  explosion,  which  was  effected 
under  reduced  pressure.  A  small  quantity  of  dilute  acid  was  then 
introduced  into  the  explosion  pipette,  and  after  this  the  volume  of 
the  remaining  gas  and  its  contraction  on  treatment  with  potassium 
hydroxide    were  carefully  measured. 

Since  the  gases  always  contained  a  small  percentage  of  nitrogen, 
and  consequently  could  produce  small  amounts  of  nitric  oxide  on 
explosion,  a  number  of  estimations  were  carried  out  with  pure 
liydrogen  under  otherwise  identical  conditions.  The  following 
values  are  typical  of  the  results  in  tlieso  experiments : 
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Contraction  with 
potassium  hydroxide. 

(1) 0-12  per  cent. 

(2) 0-11       „ 

(3) 0-11       „ 

(4) 0-10      „ 


Mean     O'll       „ 

This  percentage  has  consequently  been  subtracted  in  all  the 
estimations  of  methane  given  throughout  the  paper. 

Acetylene  was  determined  by  absorption  with  bromine-water 
before  the  treatment  with  cuprovis  chloride. 

Temperature  Measurements. 

Throughout  the  whole  of  the  present  investigation,  the  tempera- 
tures have  been  estimated  by  a  Wanner  optical  pyrometer.  "With  a 
little  jDractice  this  instrument  can  be  made  to  give  very  concordant 
results.  Little  importance  is  attached  to  the  absolute  values  of  the 
temperature  given,  but  some  trouble  was  taken  to  ensure  that  they 
should  be  comparable  with  one  another.  Since  the  instrument  was 
regularly  calibrated  by  comparison  with  the  amyl  acetate  lamp,  the 
relative  agreement  of  the  temperature  readings  throughout  the 
whole  investigation  may  probably  be  relied  on.  No  allowance  has 
been  made  for  the  error  in  temperature  indications,  due  to  the  fact 
that  the  simple  laws  of  "  black  body  "  radiation  do  not  strictly  hold 
in  the  case  of  such  heated  rods. 


Temperatures  1000°  to  1700°. 

A  first  series  of  more  than  fifty  experiments  was  carried  out  in 
the  apparatu.s  previously  described.  The  conditions  of  working 
varied  somewhat  greatly  from  case  to  case,  as  it  was  hoped  in  this 
way  to  obtain  more  definite  evidence  as  to  the  course  of  the  re- 
action. 

As  previously  mentioned,  for  the  purification  of  the  carbon,  reli- 
ance was  placed  on  the  evacuation  of  the  containing  vessel  during 
the  heating  of  the  rod,  on  the  continued  use  of  the  same  rod  in  a 
number  of  consecutive  experiments,  and  finally  on  frequently 
maintaining  the  carbon  at  a  temperature  of  over  2000°  in  hydrogen, 
before  the  actual  experimental  run  at  the  lower  temperature. 

There  was  at  first  no  suspicion  that  the  quantities  of  methane 
which  were  determined  in  these  experiments  were  other  than  those 
corresponding  to  a  definite  equilibrium  between  carbon  and  hydro- 
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gen.  On  tabulating  all  the  results,  however,  and  carefully  con- 
sidering them  in  relation  to  the  previous  treatment  of  the  carbon 
and  to  the  actual  conditions  existing  in  the  experiments,  some 
discrepancies  were  brought  to  light ;  this  can  best  be  illustrated  by 
the  following  examples : 

Table  I. 


Time  in  mins. 

Experinn 

ent. 

from  start. 

CO 

per  cent. 

CH, 

I  per  cent. 

1 

45 
120 
190 

0-1 
0-2 
0-39 

0-63 
0-77 
0-89 

2 

40 
230 
390 

0-40 
0-32 
0-39 

0-50 
0-65 
0-56 

These  two  experiments  were  carried  out  under  very  similar  con- 
ditions, but  the  rod  in  the  first  case  had  served  in  six,  in  the  second 
case  in  fourteen  previous  runs;  moreover,  shortly  before  the  latter 
experiment  the  carbon  had  been  maintained  for  some  time  at  over 
2000°  in  hydrogen. 

The  result  definitely  indicates  a  lower  methane  formation  with 
more  complete  preliminary  treatment  of  the  rod.  This  indication 
was  fully  borne  out  by  many  of  the  other  experiments. 

Table  II. 

Temperature  of  1400°. 

CH4  per  cent, 
at  end  of 
Experiment.       CO  per  cent.         experiment. 

1  0'05  0"78     ^    Gas  stood,  in  these  cases,  for  two 

2  0'24  0'61       J-       days  over  P0O5  before  experi- 

3  —  0-43      J        ment. 

.  ^.fc,  (^.n-i       I    Rod  heated   in   a  vacnum,    in 

K  r,  'I'h,  ^01       r       each  case,  for  some  time  be- 

5  0'47  0'21       I        <•  '•        , 

)        lore  experiment. 

The  two  vacuum  experiments  seem  to  be  particularly  interesting, 
as  the  earlier  samples  taken  for  analysis  all  contain  a  considerably 
higher  percentage  of  methane,  which  was  evidently  undergoing  a 
progressive  decomposition,*  and  tending  towards  a  value  which  may 
be  even  lower  than  that  given. 

At  higher  temperatures  (1700°  to  1750°)  the  results  were  much 
more  concordant,  and  the  methane  seldom  exceeded  06  per  cent. 

There  can  be  no  (piestion  of  oxidation,  since  the  porceutago  of  carbon  niouoxido 
in  these  cases  actually  decreased. 
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In  order  to  test  the  accuracy  of  these  indications  it  was  thought 
advisable  to  carry  out  a  second  series  of  experiments  in  which 
precautions  were  taken  to  ensure  a  more  complete  purification  of 
the  carbon. 

For  this  purpose  it  was  decided  to  heat  the  carbons  to  a  high 
temperature  in  chlorine.  The  rods,  held  in  graphite  terminals, 
were  supported  in  a  glass  flask,  similar  to  that  used  in  the  experi- 
ments with  hydrogen,  through  which  chlorine  was  passed.  The  rod 
was  in  each  case  maintained  at  1700 — 1800°  for  about  one  hour 
by  the  passage  of  an  electric  current.  In  this  way,  being  consider- 
ably hotter  than  the  surrounding  atmosphere,  it  readily  gave  off 
the  ash  constituents  as  chlorides,*  and  the  method  in  general  has 
obviously  a  g^eat  advantage  over  the  more  usual  one  of  heating  in 
a  glass  or  porcelain  combustion  tube. 

The  carbon  rods  after  treatment  in  this  manner  were  heated  in  a 
current  of  hydrogen,  and  subsequently  mounted  in  the  experimental 
apparatus  previously  described. 

The  accompanying  tables  give  a  record  of  the  experiments  carried 
out  with  these  purified  carbons.  It  will  be  seen  that  the  percentage 
of  methane  shows  a  marked  reduction  in  comparison  with  the  values 
previously  given. 

Throughout  the  whole  of  the  work,  the  greater  the  precautions 
which  were  taken  to  improve  the  quality  of  the  carbon,  the  lower 
was  the  percentage  of  methane  formed. 

These  results  certainly  favour  the  conclusion  that  with  progres- 
sive purification  of  the  carbon  a  still  lower  formation  of  methane 
would  be  found.  Such  experiments  would,  however,  demand  con- 
siderable refinement  in  the  analytical  methods,  although  with  the 
Sodeau  apparatus  successive  analyses  can  generally  be  relied  on  to 
within  0"04  per  cent.  It  is  not  easy  to  explain  the  origin  of  the 
methane  in  the  earlier  experiments.  Two  hypotheses  presented 
themselves,  but  neither  could  be  confirmed. 

Firstly,  it  might  be  supposed  that  on  the  cooler  end-pieces  carbon 
monoxide  and  hydrogen  were  caused  to  combine  under  the  catalytic 
influence  of  iron  or  some  other  ash  constituent,  the  preparation  of 
methane  under  somewhat  similar  conditions  having  been  carried  out 
on  an  extensive  scale  by  Sabatier  and  Senderens.  An  experiment 
in  which  equal  volumes  of  carbon  monoxide  and  hydrogen  were  main- 
tained for  fifteen  hours  in  contact  with  a  carbon  rod  heated  to 
about  450°  (just  visible  in  a  completely  darkened  room)  failed,, 
however,  to  produce  more  than  O'l  per  cent,  of  methane. 

Secondly,  the  existence  of  undecomposed  hydrocarbon  compounds- 

*  The  analysis  of  one  of  these  rods  before  and  after  such  treatment  in  chlorine 
gave  an  ash  content  of  0*25  per  cent,  and  0'07  per  cent,  respectively. 
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in  the  carbon  rod  seemed  quite  probable.  To  test  this  point  the 
glass  apparatus  was  fitted  up  with  a  fresh  carbon  rod,  the  air 
contained  in  the  vessel  was  displaced  by  hydrogen,  and  then,  with  a 
mercury  pump,  a  vacuum  was  obtained  of  below  1  mm.  of  mercury, 
the  last  traces  of  gas  being  collected  for  analysis.  The  rod  was 
next  heated  in  a  vacuum,  and  the  gas  evolved  carefully  collected. 
The  sample  obtained  before  heating  was  almost  pure  hydrogen, 
free  from  measurable  amount  of  oxygen,  and  containing  only  about 
0"2  per  cent,  of  carbon  monoxide  and  less  than  0"1  per  cent,  of 
methane.  The  second  sample,  obtained  after  heating,  contained 
about  40  per  cent,  of  carbon  monoxide  and  less  than  0"1  per  cent,  of 
methane. 

Tlie  great  power  possessed  by  carbon  of  occluding  carbon  mon- 
oxide has  already  been  described  by  Dewar  and  others ;  in  this 
case,  although  it  doubtless  helps  to  account  for  the  gradual  increase 
in  the  carbon  monoxide  noticed  in  some  of  the  pi'evious  experi- 
ments, it  can  scarcely  give  a  simple  explanation  of  the  methane 
formation. 


Table  III. 

Carhons  Purified  in 

Chlorine. 

Experiment. 
1 

Time  in 
minutes 
Temperature,     from  start. 
1350°                   35 
90 

CO. 

per  cent 
4-0 

4-7 

CH4. 

per  cent 
0-23 
0-20 

2 

1350                     35 
90 

0-94 
1-5 

0-12 
0-25 

3 

1200                     65 
120 

0-42 
0-37 

0-28 
0-20 

4 

1350                     20 
CO 

1-83 
3-G 

0-10 
0-25 

5 

1250                     GO 
90 

1-63 
1-7 

0-21 
0-25 

6 

1250                     40 

Table  IV. 

0-59 

0  -24 

Temperature  1700°.     Carbons  Purified  in 

CJdo^ 

'ine. 

Time  in  minutes 

CO 

oir, 

E.Nlierinn 

at.             tVoMi  .start.              pt 

r  cent 

ptT 

■cut. 

20 

ro 

0- 

12 

2 

15 
0 

2  "92 
4-9 

0-3G 
0-43 
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4  -05 


0-40 
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Temperatures  1800°  to  2800°.     Synthesis  of  Acetylene. 

There  is  no  great  difficulty  in  applying  the  general  experimental 
methods  up  to  2500°  and  over,  if  a  good  water-cooling  of  the  ter- 
minals is  assured.  For  these  higher  temperatures,  as  previously 
mentioned,  the  metal  containing  vessel  is  to  be  preferred.  Owing 
to  the  expansion  of  the  rods,  and  the  marked  plasticity  which  carbon 
possesses  near  the  higher  limits  of  temperature  at  which  the  experi- 
ments were  carried  out,  it  is  necessary  to  provide  some  simple  and 
efficient  compensating  device  to  prevent  the  bending  of  the  rods 
from  becoming  excessive,  and  thus  causing  fracture. 

The  disintegration  of  the  carbon  becomes  somewhat  great,  and 
accounts  for  the  short  duration  of  many  of  these  experiments,  but 
on  the  other  hand  the  equilibrium  is  rapidly  attained. 

Except  in  the  presence  of  considerable  amounts  of  carbon  mon- 
oxide the  apparent  vaporisation  of  carbon  is  not  very  marked  even 
at  the  highest  temperatures  reached,  the  disintegration  previously 
referred  to  being  more  of  the  nature  of  a  crumbling  away  of  the 
rod,  causing  its  surface  to  become  very  rough.  The  remarkable 
uniformity  of  temperature  throughout  almost  the  whole  length  of 
the  rod  may  doubtless  be  explained  by  the  fact  that  such  portions 
as  tend  to  have  a  lower  temperature  offer  a  greater  electrical  re- 
sistance, and  consequently  demand  a  greater  expenditure  of  energy. 

The  chief  experiments  are  tabulated  in  Table  Y,  from  which  the 
gradual  increase  in  the  percentage  of  acetylene  with  increase  of 
temperature  can  be  clearly  seen.  The  formation  of  minute  quanti- 
ties of  acetylene  at  1700°  can  just  be  detected  by  the  delicate  cuprous 
chloride  test,  but  the  percentage  is  scarcely  measurable  by  ordinary 
gas-analysis  methods  below  1800°. 

The  formation  of  acetylene  at  these  low  temperatures,  and  inde- 
pendently of  an  electric  arc  or  spark  discharge,  has  not  previously 
been  noted  so  far  as  can  be  ascertained.  The  temperature  of  the 
positive  crater  of  the  carbon  arc  is  at  the  present  time  estimated  at 
between  3500°  and  3750°.  Moreover,  in  gaseous  reactions  effected 
with  the  arc,  the  electrical  conditions  doubtless  intervene  and  com- 
plicate the  study  of  the  question. 
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Table  V. 


Experiments  at    1870°  to  2800°. 


Ixpeiimeiit. 
1 

Temp. 
1870° 
1920 
1950 

Time  in 

minutes 

from  start. 

9 

24 

40 

CO. 

1-8 

2-48 

2-45 

CH^. 
0-55 
0-64 
0-93 

CoHo.        Observations. 
0-42 
0-26 
0-35 

2 
3 

1900 
1960 

8 
17 

10 

21 
2-4 

6-4 

0-68 
0-48 

0-51 

0-35 

0-26 

/0-55 

\0-70 

0-27 

4 

1975 

5 

2-7 

0-54 

5 

2000 

10 
20 

6-67 
8-25 

0-47 
0-63 

0-34 
0-55 

6 

7 

2000 
2000 

10 
16 

3 

3-61 
4-72 

3-9 

0-39 
0-49 

0-50 

0'871  Rod  specially  puii- 
0-88  j  fied  with  chlorine. 

0-96 

8 

2050 

7 
12 

3-7 
4-2 

0-70 
0-62 

0-94 
0-92 

9 

2105 

5 

1-72 

0-55 

0-85 

10 

2135 

5 
10 

5-73 
6-3 

0-54 
0-53 

0-95 
1-44 

11 

2170 

2 
13 

10-0 
12-0 
13-9 

0-56 
0-69 
0-51 

1-45 
1-40 
1-08 

12 

2400 

4 

3-68 

0-83 

3-26 

13 

2465 

1 

9-0 

1-01 

2-60 

14 

2500 

4 

6-42 

1-20 

4-20 

15 
16 

2500 
2500 

3.V 

9-0 
4-1 
4-42 

0-96 
1-26 
1'20 

3-64 
/3-68 
t3-35 

340 

17 

2540 

2 

6-0 

0-89 

212 

18 

2700 

2 

0-62 

1-05 

3-03 

19 

2700 

2 

1-81 

1-07 

3-05 

20 
21 

2700 
2800 

2 

1 

5-7 
4-1 

1-05 
0-68 

2-75 

C  Equilibrium    prob- 
2'7o^    ably  not  attained. 

[N.B.  low  methane. 

Electro-Chemical  Laboratouy, 
The  University, 

Manchestkr. 
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CLXII. — The  Colouring  Matters  of  the  Stilhene 
Group.     Part  III. 

By  Akthur  George  Green  and  Percy  Field  Crosland, 

In  previous  communications  on  this  subject  (Green  and  Wah  , 
Ber.,  1897,  30,  3097;  1898,  31,  1078  j  Green,  Trans.,  1904,  85, 
1424;  Green,  Marsden,  and  Scholefield,  Trans.,  1904,  85,  1432)  a 
study  has  been  made  of  the  first  stage  of  the  reaction  by  which 
/»-nitrotoluene  and  its  ortho-substituted  derivatives  give  rise  to 
stilbene  compounds.  It  was  shown  that  under  the  influence  of  caustic 
alkalis  an  internal  oxidation  takes  place  with  the  production  of 
dinitrosostilbene  (or  a  derivative  thereof)  : 

_X  X^  _^  ^ 

These  nitrosostilbenes  are  very  unstable  products,  possessing  in 
alkaline  solution  a  deep  ci-imson,  violet,  or  blue  colour,  in  which 
condition  their  salts  probably  have  the  tautomeric  quinonoid  structure  : 

CH:C,H3(X):N(0H)-0Na  ^  C:OoH3(X):N-ONa 

CH:C6H3(X):N(OH)-ONa  °^'  C:C,.H3(X):N-0Na" 

These  coloured  salts  are  easily  oxidised  by  air  or  by  alkali  hypo- 
chlorites to  the  corresponding  dinitrostilbene  derivatives  : 

X  X_ 

and,  inversely,  from  the  latter  they  are  readily  reproduced  by  the 
action  of  cold  alkaline  reducing  agents. 

On  further  condensation  of  these  nitroso-compounds  by  longer 
heating  with  caustic  alkalis,  stilbene  dyestuffs  are  produced.  Thus 
in  the  technically  important  case  of  jo-nitrotoluenesulphonic  acid,  this 
compound  gives  on  warming  with  aqueous  sodium  hydroxide  a  crimson- 
red  solution  of  the  dinitrosostilbenedisulphonate  (X  in  above 
formulai  =  S03Na),  which  on  further  heating  becomes  orange-yellow 
with  production  of  Direct  Yellow  or  Curcumine  S.  Similar,  but  purer, 
dyestuffs  (so-called  "  Stilbene  Yellows  ")  are  obtained  from  dinitro- 
stilbenedisulphonic  acid  by  alkaline  reduction,  the  same  red  compound 
being  an  intermediate  stage  of  the  reaction.  The  yellow  dyestuffs 
obtained  by  either   method,  when  submitted  to   further  reduction  in 
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alkaline  solution,  are  transformed  progressively  into  reddish-yellow, 
yellowish-orange,  and  reddish-orange  dyestuffs,  then  into  lenco-com- 
pounds  (readily  reoxidising  to  orange),  and  finally  into  diaminostilbene- 
disulphonic  acid.  This  progressive  redaction  is  accompanied  by  a 
change  in  the  colour  of  the  solution  in  concentrated  sulphuric  acid 
from  orange-red,  through  crimson  and  violet,  to  pure  blue. 

The  present  paper  deals  with  the  second  stage  of  the  colour  forma- 
tion, namely,  that  by  which  the  dyestuffs  ai-e  produced  from  the  inter- 
mediate dinitrosostilbenedisulphonic  acid. 

It  is  generally  considered  that  the  yellow  condensation  product 
(Direct  Yellow  or  Curcumine)  is  a  disulphonic  acid  of  a  simple  azoxy- 
or  dinitroso-stilbene  : 

CH.C,H3(S03Na)  CH-C,H3(S03Na)-NO 

CH-C^H3(S03Na)^    -  CH-C^H3(S03Na)-NO" 

(Bender  and  Schultz.)  (Fischer  and  Hepp. ) 

The  improbability  of  either  of  these  formuhie  has  already  been  dis- 
cussed in  a  former  communication,  and  against  the  second  there  is  now 
the  further  objection  that  it  is  required  for  the  intermediate  unstable 
crimson  compound.  Moreover,  grounds  have  been  adduced  for  believ- 
ing that  the  molecule  of  these  dyestuffs  must  contain  at  least  two 
stilbene  groups,  that  is,  that  a  coalition  of  at  least  four  molecules  of 
^j-nitrotoluene  must  occur  in  their  formation. 

It  seemed  possible  that  this  condensation  might  take  place  through 
the  oxidation  of  one  nitroso-group  at  the  expense  of  the  other,  the 
remaining  nitrogen  atoms  of  two  molecules  uniting  together  to  form 
an  azo-group  : 

2  CH-C«H3(S03Na).NO      ^ 


CH-C^H3(S03Na)-NO 

CH- C6H3(S03Na)  •  N===N  •  C6H3(  803Na)  •  C  H 
CH- CgH3(S03Na) -NOg  NO,- CeH3(S03Na) •  CH' 

If  this  view  is  correct  the  above  equation  will  represent  the  forma- 
tion of  the  greenest  yellow  of  the  series  (Stilbene  Yellow  8G),  The 
redder  yellows  and  oranges  might  then  be  regarded  as  formed  there- 
from by  reduction  of  the  two  nitro-groups,  first  to  an  azoxy-,  and 
finally  to  an  azo-group. 

To  test  this  hypothesis  we  have  made  use  of  the  following  analytical 
methods  : 

A.  Estimation  of  the  quantity  of  hydrogen  required  for  reducing 
the  dyestuffs  to  diaminostilbenedisulphonic  acid,  employing  for  this 
purpo.se  titration  with  standaid  titanium  trichloride  (Knecht,  J.  Soc. 
Dyers,  1903,  19,  169  ;  1905,  21,  292). 
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B.  Estimation  of  the  ethylene  groups  by  determining  the  quantity 
of  standard  permanganate  required  to  oxidise  the  dyestuffs  to  aldehydes 
in  cold  dilute  aqueous  solution  (Green  and  Meyenberg,  Eng.  Pat.,  1431 
of  1898).  As  the  oxidation  takes  place  in  absence  of  acid,  2  molecules 
of  permanganate  are  equivalent  to  1^  ethylene  groups. 

C.  Direct  estimation  of  the  aldehyde  groups  produced  in  B  by 
titration  with  a  standard  solution  of  phenylhydrazine. 

D.  Isolation  and  characterisation  of  the  aldehyde  compounds 
obtained. 

The  reliability  of  methods  A,  B,  and  C  was  checked  by  applying 
them  to  pure  preparations  of  dinitrostilbenedisulphonic  acid  and  of 
Chrysophenine  G,  with  which  compounds  satisfactory  results  were 
obtained. 

In  the  experiments  which  follow  we  have  selected  as  typical  stilbene 
dyestuffs,  Direct  Yellow  RT  (Clayton),  Stilbene  Yellow  8G  and  4G 
(Clayton),  and  Mikado  Orange  (Leonhardt).  These  dyestuffs  after 
suitable  purification  gave  results  which  fully  confirm  the  above 
hypothesis.  Stilbene  Yellow  4G  and  8G  proved  to  consist  almost 
entirely  of  dinitroazodistilbenedisulphonic  acid.  Dii'ect  Yellow  is  less 
pure,  but  appears  to  consist  substantially  of  azoxyazodistilbenedi- 
sulphonic  acid  mixed  with  some  quantity  of  an  azomethine  by-product. 
Mikado  Orange  3R0,  which  could  not  be  obtained  entirely  pure,  gave 
results  which  approximate  to  those  required  for  the  disazodistilbene- 
disulphonic  acid.  It  also  contains  considerable  quantities  of  an  azo- 
methine dyestuff,  which  is  still  under  investigation. 

All  these  dyestuffs  are  therefore  azo-compounds,  and  their  chromo- 
phore  is  doubtless  the  azo-group.  This  explains  their  dyeing  pro- 
perties, which,  if  regarded  as  azoxy-  or  nitroso-compounds,  would  be 
difficult  to  account  for.  Only  in  one  particular  is  their  constitution 
peculiar,  namely,  in  the  fact  that  they  possess  no  auxochrome  group. 
This,  however,  is  less  remarkable  than  it  would  have  appeared 
formerly,  for  an  increasing  number  of  dyestuffs  is  becoming  known 
(for  example,  Chrysophenine,  Diamine  Golden-yellow,  &c.),  in  which 
no  special  auxochrome  group  occurs,  and  the  view  is  gaining  ground 
that  the  action  of  such  groups  (OH,  NHg,  NMe^,  (fee.)  is  to  be  attri- 
buted to  their  calling  forth  a  more  stable  quinonoid  structure  rather 
than,  as  was  formerly  believed,  to  their  salt-forming  functions.  Such 
strongly  salt-forming  groups  as  SO3H  and  NMe30H  have  no  auxo- 
chrome effect. 

Stilbene  Yellow  8G  (Clayton). 

This  colouring  matter  is  prepared  by  heating  dinitrostilbenedisul 
phonic  acid  in  caustic  alkaline  solution  at  80°,  with  the  minimum 
quantity  of  glucose  necessary  to  effect  reduction.     A  very  similar  pro 
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duct  chemically,  but  of  a  much  less  degree  of  pui-ity,  is  obtained  by  the 
oxidation  of  Direct  Yellow  with  sodium  hypochlorite  (Mikado  Golden- 
yellow).  For  the  complete  purification  of  Stilbeoe  Yellow  8G  the  dye- 
stuff  was  converted  into  the  potassium  salt  by  precipitation  with 
potassium  chloride  from  a  boiling  aqueous  solution.  The  precipitate 
was  redissolved  and  the  process  repeated  two  or  three  times.  Finally, 
it  was  washed  with  50  per  cent,  alcohol  to  remove  potassium  chloride. 
By  this  means  the  colouring  matter  is  obtained  as  a  scarlet,  crystalline 
powder. 

Reduction. — The  quantitative  reduction  with  titanium  trichloride  is 
carried  out  in  the  manner  described  by  Knecht  [loc.  cit.),  employing 
the  indirect  method,  namely,  running  in  an  excess  and  titrating  back 
with  standard  ferric  sulphate.  For  each  experiment  O'l  gram  of  dye- 
stuff  was  employed,  which  was  dissolved  in  100  c.c.  of  water  and 
strongly  acidified  with  hydrochloric  acid.  The  solution  was  boiled  until 
free  from  air,  and  while  carbonic  acid  gas  was  led  in,  a  small  excess  of 
titanium  trichloride  added.  After  boiling  for  a  minute,  the  solu- 
tion was  cooled  and  the  excess  of  titanium  trichloride  titrated  back 
with  ferric  sulphate  solution,  using  ammonium  thiocyanate  as  indicator. 
In  applying  this  method  to  the  stilbene  dyestuffs  it  was  found  neces- 
sary to  employ  only  a  small  excess  of  titanium  trichloride.  If  a  large 
excess  is  used,  the  reduction  proceeds  beyond  diaminostilbenedisul- 
phonic  acid,  and  diaminodibenzyldisulphonic  acid  is  obtained.  This 
was  definitely  proved  with  dinitrostilbenedisulphonic  acid,  which 
we  found  could  be  reduced  either  to  diaminostilbenedisulphonic  acid  or 
to  diaminodibenzyldisulphonic  acid  according  to  the  amount  of 
titanium  trichloride  employed.  The  following  are  the  results  obtained 
with  pure  Stilbene  Yellow  8G  : 


Vol.  of 

Percentage 

Weight  of 

TiCL,  run  in 

loss  of  HgO 

Percentage 

No.  of       dyestuff  (1  c.c.  =0-0000-3085 

Vol.  of 

on  drying 

of  hydrogen  on 

experiment,  in  grams. 

gram  H). 

TiClg  used. 

at  150°. 

dry  dyestuff. 

1                 0-1 

60  c.c. 

51 '4  c.c. 

1-6 

1-66 

2                 0-1 

57  „ 

52-6  „ 

1-6 

(mean  of 

3                 0-1 

56  ,, 

53-2  ,, 

1-6 

last  three 

4                 0-1 

57  „ 

53-0  „ 

1-6 

experiments) 

The  compound, 

CH-C6H3(S03K)-N: 


=N-CeH3(S03K)-CH 
CH-C8H3(S03K)-N02     N02-C6H3(S03K)-CH 

requires  for  reduction  to  diaminostilbenedisulphonic  acid  1"69  per  cent, 
of  hydrogen. 

Oxidation. — The  titration  of  stilbene  dyestuffs  with  potassium  per- 
manganate is  carried  out  in  the  following  way  :  0*15  to  0*2  gram  of 
the  dyestuff  is  dissolved  in  150  c.c.  of  water,  the  solution  thoroughly 
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cooled,  and  a  volume  of  standard  permanganate,  about  three-quarters 
of  the  total  quantity  required,  is  slowly  run  in.  The  mixture  is  then 
heated  to  precipitate  the  colloidal  manganese  dioxide  and  filtered.  The 
filtrate  and  washings  are  concentrated  to  about  half  the  former  bulk, 
cooled,  and  the  titration  completed  by  slowly  adding  a  solution  of 
potassium  permanganate  one-quarter  the  strength  of  that  first  used. 
The  end-point  is  reached  when  two  or  three  drops  of  the  liquid,  after 
salting  out  manganese  dioxide  with  potassium  chloride,  retain  a  pale 
pink  colour.  The  following  results  were  obtained  with  pure  Stilbene 
Yellow  8G  : 


Weight  of  Vol.  of  KMn04 

No.  of  dyestuff  required  (1  c.c.  = 

experiment.  in  grams.  0 '000466  gram  0). 

1  0-2  28-9  c.c, 

2  0-2  28-8    ,, 

3  0-2  29-0   ,, 

4  0-2  28-9    „ 


Percentage 

loss  of  H9O   Percentage  01 


on  drying 
at  150°. 
1-6 
1-6 
1-6 
1-6 


oxygen  on 
dry  dyestuff. 

I        6-84 

j  (mean  value) 


The  equation 


:N-C6H3(S03K)-CH 


CH-CgH3(S03K)-N02     N02-CgH3(S03K)-CH"^''    ''~ 

requires  6 '75  per  cent,  of  oxygen. 

>Sepai'ation  and  Exaininationof  Oxidation  Products. — Thirty-eight  grams 
of  pure  Stilbene  Yellow  8G  were  dissolved  in  2000  c.c.  of  water.  The  solu- 
tion was  cooled  with  ice  and  oxidised  with  a  cold  solution  of  16 '8  grams  of 
potassium  permanganate  in  2000  c.c.  of  water  which  was  slowly  run 
in.  After  heating  to  coagulate  the  manganese  dioxide,  the  solution 
was  filtered,  neutralised  with  hydrochloi-ic  acid,  and  concentrated  to  a 
small  bulk.  On  cooling,  the  product  separated  as  a  semicrystalline, 
pale  yellow  solid.  This  proved  to  be  a  mixture  of  the  potassium  salts 
of  nitrohemaldehydesulphonic  acid  and  of  azohenzaldehydesulphonic 
acid.  The  latter  substance  could  be  separated  from  the  mixture  by 
making  use  of  its  less  solubility  in  dilute  alcohol  or  in  aqueous 
solutions  of  potassium  chloride.  The  nitrobenzaldehydesulphonate 
was  obtained  in  our  earlier  experiments  by  extracting  the  mixture 
with  absolute  alcohol,  in  which  it  is  slightly  soluble,  whilst  the 
azobenzaldehydesulphonate  remains  undissolved.  A  better  method, 
found  later,  consists  in  making  use  of  the  different  behaviour  of  the 
two  aldehydes  towards  benzidine  in  an  aqueous  solution  rendered  acid 
with  hydrochloric  acid.  Under  these  conditions,  only  the  azoaldehyde 
combines,  and  after  separating  the  insoluble  dark  brown  azomethine 
compound,  and  removing  excess  of  benzidine  with  potassium  sulphate, 
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the  iiitroaldehyde  can  be  obtained  as  potassium  salt  from  the  neutral- 
ised and  concentrated  filtrate.  This  method  of  separation  is  so  sharp 
that  by  employing  a  1  per  cent,  solution  of  benzidine  hydrochloride 
it  is  possible  to  titrate  the  amount  of  azoaldehyde  in  a  given  mixture, 
especially  if  ^;-aminodiphenylamine  is  used  as  indicator.  The  latter 
base  gives  in  acid  solution  an  insoluble,  dark  violet-blue  precipitate 
(azomethine  condensation  product)  with  the  azoaldehyde,  but  little  or 
no  coloration  with  the  nitroaldehyde.  Also,  with  other  bases,  the  two 
aldehydes  behave  differently.  Thus,  in  mineral  acid  solution  ^-phenyl- 
enediamine  gives,  with  the  azoaldehyde,  a  reddish-brown  azomethine 
compound,  but  no  coloration  with  the  nitroaldehyde.  The  phenylhydra- 
zone  of  the  azoaldehyde  is  reddish-brown,  whilst  that  of  the  nitroalde- 
hyde is  orange.  On  alkaline  reduction,  the  two  aldehydes  also  show 
distinctive  reactions  ;  thus  when  a  particle  of  zinc  dust  is  added  to  a  solu- 
tion of  the  azoaldehyde  mixed  with  an  excess  of  sodium  hydroxide,  a 
litmus-blue  coloration  is  obtained,  whilst  under  the  same  conditions  the 
nitroaldehyde  only  gives  a  yellow  colour. 

Potassium  ^-nitrohenzaldehyde-'2-sulphonate,  N02*C,.H3(S03K)*CHO, 
was  obtained,  as  above  described,  in  the  form  of  slender,  colourless 
needles  or  stout  prisms.  It  gave  identically  the  same  reactions  as  the 
product  obtiiined  by  the  oxidation  of  dinitrostilbenedisulphonic  acid 
(Green  and  Wahl,  Ber.,  1897,  30,  3097).  On  heating,  it  deflagrates 
suddenly.     Analysis  gave  : 

Found,  N  =  5-5  and  5-4;  S=  11-74  and  11-94. 

C^H^OfiNSK  requires  N  =  5-2  ;  S  =  1 1-9  per  cent. 

Reduction  with  titanium  trichloride  gave  the  following  results  : 

Hydrogen  used,  2'17,  217,  and  2-21. 

CyH^OgNSK  requires  hydrogen  used  =  2-23  per  cent. 


^C,H3(S03K)-CHO 

^^2\C6H3(S03K)-CH0 


(The  substance  used  in  the  last  reduction  was  a  purer  preparation.) 
Potassium  azohenzaldehydesulpho7iate, 

[4:2.1] 
;4:2':1]' 

was  obtained  as  a  buff,  crystalline  solid,  which  appears  to  exist  in  two 
modifications.  One  of  these  is  easily  soluble,  the  other  somewhat 
sparingly  so  in  cold  water.  The  colour  i-eactions  of  this  aldehyde,  which 
have  already  been  described,  are  very  characteristic.  With  a  large 
variety  of  primary  bases,  it  readily  gives  azomethine  compounds. 
Analysis  gave  : 

N  =  6'05  and  5-94. 

Cj^HgOjjNgSjKg  requires  N  =  5-91  i)er  cent. 
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Reduction  with  titanium  trichloride  gave  the  following  results 

Hydrogen   required  (mean  of    two    experiments)  =  0'87.      Theory 
requires  H  =  0'84  per  cent. 


Stilbene  Yellow  4:G  (Clayton). 

This  dyestuff  is  prepared  in  a  very  similar  way  to  the  8G  brand, 
only  the  reduction  is  carried  a  little  further  by  employing  somewhat 
more  glucose  in  order  to  obtain  a  rather  redder  shade.  The  following 
experiments  show  that,  like  the  8G  brand,  it  consists  substantially  of 
the  dinitroazodistilbenedisulphonate, 


:N-C,H3(S03Na)-CH 


CH-C^H3(S03Na)-N= 

CH-  C^H3(S03Na)  -NOa      NO,-  C6H3(SOaNa)  •  CH' 

though  containing  in  addition  a  small  quantity  of  the  corresponding 
azoxyazo-compound.  The  purification  was  conducted  in  the  same  way 
as  above  described.  The  pure  potassium  salt  of  the  dyestuff  was  ob- 
tained as  a  scarlet,  semi-crystalline  powder. 

Reduction. — Same  method  as  used  above. 


Vol.  of 

Percentage 

Percentage 

Weight  of 

TiCl^  run  in 

loss  of  HoO    of  hydrogen 

No.  of 

dyestuff 

(1 

c.c.  =0-000046 

Vol.  of 

on  drying        on  pure 

experiment. 

in  grams. 

gram  H). 

TiCls  used. 

at  150".         dyestuff. 

1 

0-1 

37-3  c.c. 

34-7  c.c. 

1-5         ^ 

2 

0-1 

39-9   ,, 

34-6   ,, 

1-5 

1-61 

3 

0-1 

50-0   „ 

34-4    ,, 

1-5 

-    (mean 

4 

0-1 

35-4   „ 

34-3    „ 

1-5 

value) 

5 

0-1 

35-4    ,, 

34-4    ,, 

1-5 

The  theoretical  quantity  of  hydrogen  required  by  potassium  di- 
nitroazodistilbenedisulphonate  for  its  reduction  to  diamiuostilbene- 
disulphonic  acid  is  1'69  per  cent. 


Oxidation. 

—  Same  method 

as  above  me 

ntio 

ned. 

Percentage 

Weight  of 

Vol.  of  KMn 

O4 

loss  of  H.2O   Percentage  of 

No.  of 

dyestuff 

required  (1  c.c 

on  drying         oxygen  on 

experiment. 

in  gi'ams. 

0-000662  gram 

0). 

at  150°.         dry  dyestuflf. 

1 

01 

9-7    c.c. 

5-7        ^ 

2 

0-1 

9-85   „ 

5-7 

6-85 
'(mean  value) 

3 

4   . 

0-1 
0-1 

9-75   „ 

9-8     ,, 

5-7 
5-7 

5 

0-1 

9-7      ,, 

5-7 

Another  series  of  determinations  made  with  a  different  per- 
manganate solution  and  another  preparation  of  the  dyestuff  gave  the 
following  results  : 
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Percentage 

Weight  of  Vol.  of  KMn04  loss  of  HgO    Percentage  of 

No.  of                dyestuff  required  (1  c.c.  =  on  drying         oxygen  on 

experiment.           in  grams.  0 '000466  gram  0).  at  150°.         dry  dyestuff. 

6  0-2                         29-0  c.c.  1-6         "i 

7  0-2                         29-1    „  1-6  I        6-85 

8  0-2                        28-8   ,,  1-6  ((mean  value) 

9  0-2                         28-8    ,,  1-6         J 

The  equation 

CH-C,H3(S03K).N===:N-C,H3(S03K).CH 
CH-CgH3(S03K)-N02     NO.-C^H3(S03K)-CH      "    ^ 

^•3<c:H:[sS:li-CH0  +  2N0,.C,H3(S03K).CH0. 
requires  6'75  per  cent,  of  oxygeu. 

Separation  and  Examination  of  the  Oxidation  Products. — A  quantity  of 
Stilbene  Yellow  4G  (sodium  salt)  was  oxidised  with  the  theoretical  quantity 
of  potassium  permanganate  in  cold  dilute  aqueous  solution  in  the  manner 
already  described  on  page  1605.  The  solution  after  filtration  from 
manganese  dioxide,  neutralisation,  and  concentration,  gave  a  product 
which  proved  to  be  a  mixture  of  the  two  aldehydes,  whose  forma- 
tion is  indicated  by  the  foregoing  equation. 

Sodium  nitrohenzaldehydesulphonate  was  obtained  as  a  colourless, 
crystalline  powder  by  extracting  the  above  mixture  of  the  sodium 
and  potassium  salts  of  the  two  aldehydes  with  absolute  alcohol. 
It  gave  the  same  reactions  as  the  product  obtained  from  the  8G 
colouring  matter,  and  as  nitrobenzaldehydesulphonic  acid  prepared 
from  dinitrostilbenedisulphonic  acid.     On  analysis  : 

N  =  5-7  and  5-55. 

C7H40^jNSNa  requires  N'  =  5-54  per  cent. 

The  azohenzaldehydesulphonic  acid  was  obtained  as  the  potassium 
salt  from  the  crude  aldehyde  mixture  by  submitting  the  latter  to  a 
series  of  fractional  precipitations  from  aqueous  solution,  first  by  means 
of  alcohol  and  later  by  means  of  potassium  chloride.  Finally,  to 
remove  traces  of  the  latter  salt,  the  product  was  washed  with  50  per 
cent,  alcohol.  The  potassium  salt  is  thus  obtained  as  an  easily  soluble 
buff,  crystalline  powder  which  exhibits  all  the  reactions  already 
described.     Analysis  gave  : 

N  =  5-94  and  5-78;  S  =  13-26  and  13-28  ;  K=  16-36  and  16-99. 
C14H8O8N2S2K2  requires  N  =  5'90  ;  S  =  13-50 ;  and  K  =  16-46  per  cent. 

Reduction  with  titanium  trichloride  gave  the  following  results  : 

Hydrogen  required  (mean  of  4  determinations)  =  0-81. 
Theory  requires  0  85  per  cent. 
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Direct  Yellow  KT  (Clayton). 

The  colouring  matters  which  occur  in  commerce  under  the  names  of 
Direct  Yellow,  Cui-cumine  S,  Sun  Yellow,  and  Naphthamine  Yellow 
ai-e  obtained  by  heating  jo-nitrotoluenesulphonic  acid  with  an  excess  of 
sodium  hydroxide  for  several  hours  at  temperatures  between  60°  and  80°. 
We  have  selected  for  examination  the  RT  brand  of  the  Clayton  Aniline 
Co.  Commercial  Direct  Yellow  is  a  far  less  pure  product  than  the 
Stilbene  Yellows  already  dealt  with.  It  always  contains  in  addition 
to  other  impurities  considerable  quantities  of  an  azomethine  compound. 
This  by-product,  which  is  also  a  yellow  dyestuff,  reacts  with  phenyl 
hydrazine  giving  an  orange  hydrazone.  Moreover,  by  the  action  of 
nitrous  acid  it  yields  a  diazo-compound  which  gives  red  dyestuffs  when 
combined  with  /3-naphthol.  These  reactions  are  readily  performed  on 
the  cotton  fibre  dyed  with  commercial  Direct  Yellow.  The  removal  of 
this  by-product,  which  appears  to  be  constituted  analogously  to 
Curcuphenine  (Trans.,  1904,  85,  1426),  is  extremely  difficult,  and 
necessitates  a  somewhat  tedious  purification.  For  this  purpose  the 
dyestuff  was  precipitated  as  the  sparingly  soluble  calcium  salt,  which 
was  repeatedly  extracted  with  large  quantities  of  boiling  water,  and 
then  converted  into  the  potassium  salt  by  boiling  with  potassium 
carbonate.  From  the  solution  the  potassium  salt  was  salted  out  by 
the  addition  of  potassium  chloride,  redissolved,  and  salted  out  afresh 
several  times.  The  colouring  matter  was  then  dried,  powdered,  and,  in 
order  to  remove  potassium  chloride,  washed  with  50  per  cent,  alcohol 
and  again  dried  ("  Preparation  A  ").  Another  method  of  purification 
employed  consisted  in  ti'eating  the  dyestuff  in  acid  solution  with  a 
small  quantity  of  sodium  nitrite  (10  grams  required  1  c.c.  of  NjX 
NaNOg),  followed  by  phenyl  hydrazine  in  equivalent  quantity,  in  order 
to  decompose  and  remove  the  azomethine  by-product.  The  dyestuff 
was  then  repeatedly  dissolved  and  reprecipitated  with  potassium 
chloride,  finally  washed  with  dilute  alcohol  and  dried  ("  Prepara- 
tion B"). 

Reduction. — Same  method   as   iised   above.     The   following  results 
were  obtained  with  preparation  A  : 

Percentage 
A^ol.  of  TiClg  loss  of  HoO  Percentage  of 

run  in  (1  c.c.=  Vol.  of         on  drying    Hydrogen  on 

0-0000888  gi-am  H).  TiClj  used.       at  150°.      dry  dyestutf. 
] 3-5  c.c.  11-0  c.c.  7  "1     i.fto 

13-8   „  11-4   „  7  J    ^^^^> 


Weight  of 

No.  of 

dyestuff 

experiment. 

in  grams. 

1 

0-1 

2 

0-1 

3 

0-1 

4 

0-1 

The  following  results  were  obtained  with  prepara,tiop  B  and  employing 
another  titanium  solution  : 
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No.  of 

expciiiucnt. 

5 

6 

7 


Weight  of 

dyestulf 

ill  grains. 

0-1 

0-1 

0  1 


Vol.  of  TiCls 

run  in  (1  e.c.  = 

0-0001063  gram  H) 

12-2  c.c. 

10-9    ,, 

11-1    ,, 


Vol.  of 
TiCl;,usea. 
8-85  c.c. 
9-3      ,, 

8-7     „ 


Percentage 

loss  of  H„0  Percentage  of 
on  drying    Hydrogen  on 
dry  dyestulf. 
]     1-08 
J-  (mean 
J    value) 


at  150°. 

12 

12 

12 


The  azoxyazodistilbenedisulphonate, 

ch-C6H3(S03K)-n:n-C6H3(S03K)-ch 

CH-C6H3(S03K)-N-N-C6H3(S03K)-CH' 

o 

requires  for  reduction  to  diaminostilbenedisulphonic  acid  I'll  per  cent, 
of  hydrogen.  Considering  the  difficulty  of  complete  purification,  the 
above  results  agree  sufficiently  closely  with  this  formula. 


Oxidation. — Same  method  as  used  above, 
obtained  with  preparation  A  : 


Percentage 

Weight  of 

Vol.  of  KMn04 

loss  of  HoO 

No.  of 

dyestuff" 

required  (1  c.c.  -- 

on  drying 

experiment. 

in  grams. 

0-001324  gram  0). 

at  150". 

1 

0-1.5 

7  4  c.c. 

5-4 

2 

0-15 

7-5   ,, 

5-4 

3 

0-15 

7-6   ,, 

5-4 

The  following  results  were 


Percentage  of 

oxygen  on 
dry  dyestulf. 

1         7-0 

j  (mean  value) 


The  following  results  were  obtained  with  preparation  B  and  employ- 
ing another  permanganate  solution : 


Percentage 

Weight  of 

Vol.  of  KMnO^ 

loss  of  H.p 

Percentage  of 

No.  of 

dyestutf 

required  (1  c.c.  = 

on  drying 

oxygen  on 

exjieriment. 

in  grams. 

0-000465  gram  0). 

at  150°.' 

dry  dyestuff. 

4 

0-15 

20-9  0.C-. 

5-4 

1           6-8 

j  (mean  value) 

5 
6 

0-15 
0-15 

20-3    „ 
20-5   ,, 

5-4 
5-4 

The  equation 

CH.C,H3(S03K).N,.C,H3(S03K)-CH  ^ 

CH-CVH3(S03K)-N20-(J6H3(S03K)-CH         "    ' 

^2V6H3(S03K)-CHO    +    ^'^^^C6H3(S03K)-CHO 

requires  7"1  per  cent,  of  oxygen. 

Examination  of  the  Oxidation  Products. — We  have  not  yet  elfected  a 
separation  of  the  two  aldehydes  indicated  by  the  above  equation.  The 
mixture,  however,  gives  the  characteristic  colour  reactions  of  the  azo- 
benzaldohydedisulphouic  acid  when  treated  with  phenylhydrazine, 
/>-phenylenediamine,  benzidine,  ;;-amiuodiplienylanune,  and  also  with 
ziuc  dust  in  presence  of  .sodium  hydroxide.      In  order  to  estimate  the 
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aldehyde  groups  in  the  product,  the  mixed  aldehydes  were  titrated 
with  a  standard  solution  of  phenylhydrazine  hydrochloride.  For  this 
pui-pose  the  Direct  Yellow  was  oxidised  with  a  slight  deficiency  of 
permanganate,  and,  after  removing  the  non-oxidised  colour  with  barium 
chloride,  the  filtrate  was  concentrated  and  the  mixed  aldehydes  salted 
out  with  potassium  chloride  and  washed  with  50  per  cent,  alcohol. 
The  product,  dried  at  1 40°,  was  dissolved  in  hot  water  with  addition  of 
sodium  acetate  and  titrated  with  a  solution  of  phenylhydrazine  hydro- 
chloride containing  11*1  grams  of  the  base  per  1000  c  c.  The  end- 
point  is  indicated  by  a  spot  on  paper  giving  a  red  margin  when 
brought  in  contact  with  a  drop  of  azobenzaldehydesulphonic  acid 
solution. 

No.  of                  Weight  of  mixed  Vol.  of  phenyl-     Percentage  of  pheiiyl- 

expei'iment.  aldehyde  taken  in  grams,  hydrazine  solution,     hydrazine  required. 

1  0-213  7-5  c.c.  39-0 

2  0-203  7-8    ,,  42-6 

A  mixture  in  equimolecular  quantities  of  the  potassium  salts  of 
azobenzaldehydesulphonic  acid  and  azoxybenzaldehydesulphonic  acid 
would  require  theoretically  44*8  per  cent,  of  phenylhydrazine.  The 
method  can  only  be  regarded  as  approximate  as  the  end-point  is  rather 
difiicult  to  see,  but  the  result  confirms  the  above  equation  for  the 
oxidation  of  the  dyestuff. 


Mikado  Orcmge  (Leonhardt). 

Various  brands  of  this  dyestuff  are  prepared  either  by  condensing 
jij-nitrotoluenesulphonic  acid  with  sodium  hydroxide  in  the  presence  of 
reducing  agents  or  by  submitting  the  condensation  product  (Direct 
Yellow)  to  alkaline  reduction.  The  most  completely  reduced  pi'oduct 
appears  to  be  the  3R0  brand,  the  4E.0  and  5110  brands  being  prob- 
ably mixtures  of  the  former  with  a  red  dyestuff.  Most  of  our 
experiments  were  performed  with  the  3R0,  but  some  with  the  4E0 
and  5R0  bi'ands,  from  which  the  red  dyestuff  was  removed.  It  was 
found  that  all  these  dyestuffs  contained  a  large  quantity  of  an 
azomethine  by-product.  The  presence  of  this  compound  is  readily 
shown  by  the  fact  that  on  treatment  of  the  acid  solution  of  the  dye- 
stuff  with  sodium  nitrite  a  portion  of  it  is  decomposed  into  a  diazo- 
compound,  which  gives  a  red  colour  with  ^-naphthol,  and  an  aldehydic 
compound,  which  gives  a  dark  brown  hydrazone  with  phenylhydrazine. 
Although  we  have  employed  a  variety  of  purification  methods  we  have 
hitherto  been  unable  entirely  to  remove  this  by-product  and  thus 
obtain  the  Mikado  Orange  in  a  pure  state.  By  repeated  fractional 
precipitation  with  potassium  chloride  and  dilute  alcohol,  the  quantity 
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of  the  by-product  present,  as  shown  by  the  above  tests,  continually 
diminishes,  and  simultaneously  therewith  the  numbers  obtained  on 
reduction  with  titanium  trichloride  approximate  more  and  more  to 
those  required  for  the  formula 

CH-CV,H3(S03K)-N:N-CeH3(S03K).CH 
CH-CeH3(S03K)-N:N-C6H3(S03K)-CH" 

We  are  continuing  the  investigation  and  hope  later  to  obtain  the 
colouring  matter  in  a  completely  pure  state. 

The  following  results  were  obtained  with  the  potassium  salt  of 
Mikado  Orange  3R0,  after  several  precipitations  with  potassium 
chloride  and  alcohol  : 

Reduction. — Same  method  as  used  before. 

Weight  of        Vol.  of  TiCl,,  loss  of  HoO    ccntage  of 

No.  of        dyestuff        nui  in  (1  c.c.  =           Vol.  of  on  diying  hydrogen  on 

experiment,  in  grams.   0"00007392  gram  H).  TiCls  nsed.  at  150°.     dry  dyestuff. 

1  0-1                   14-3    c.c.               9-8    c.c.  2-1         )     074 

2  0-1                    14-65    ,,                  9-75    ,,  2-1  -   (mean 

3  0-1                   1405    ,,                 9-85    ,,  2-1  J    value) 

The  theoretical  quantity  of  hydrogen  required  for  the  potassium 
salt  of  disazodistilbenedisulphonic  acid  of  the  above  constitution  is 
0'90.  The  experimental  results  are  therefore  82  per  cent,  of  the 
theoretical. 

Oxidation. — Same  method  as  used  before. 


No.  of 
experiment. 

Weight  of 
dyestuff 
in  grams. 

Vol.  of  KMnOj 
required  (1  c.c.  = 
0-000605  gram  0). 

Percentage 

loss  of  HjO     Percentage  of 
on  drying         oxygen  on 
at  150°.         dry  dyestuff. 

1 
2 
3 

4 

0-1 
0-1 
0-1 
0-1 

11 -5^  c.c. 
11-5   ,, 
11'45„ 
11-5   ,, 

2-1         \ 

2-1         1        =7-1 
2'1           r  (mean  value) 
2-1         J 

The  equation 

CH.C,H3(S03K)-N,.C,H3(S03K)-CH    _^    ,^     _      . 
CH.C,H3(S03K).N2-C,H3(S03K).CH   ^   ^"""^ 

ON  <C,H3(S03K)-OHO 
"    2\CgH3(S03K)-CHO 

requires  7*24  per  cent,  of  oxygen. 

From  the  product  of  the  oxidation  of  commercial  Mikado  Orange 
3R0  with  permanganate  in  cold  dilute  aqueous  solution  we  were  able 
to  isolate  two  aldehyde  compounds  :  («)  a  very  sparingly  soluble  well- 
crystallising  substance  ;  (6)  an  easily  soluble  compound.  The  first 
gave  a  very  sparingly  soluble  red  phenylhydrazone,  and  is  apparently 
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an  oxidation  product  of  the  azomethine  by-product.     The  second  gave 
the  reactions  of  azobenzaldehydesul phonic  acid, 

the  formation  of  which  is  indicated  by  the  above  equation. 

Our  thanks  are  due  to  the  Clayton  Aniline  Co.,  Ltd.,  .and  to  the 
Farbwerk  Miihlheim  for  kindly  supplying  us  with  the  dyestuffs 
examined. 

Department  of  Tinctorial  Chemistry, 
UNivEnsiTY  OF  Leeds. 


CLXIII. — 2'hc    Explosive    Combustioyi   of  Hydro- 
carbons.    II. 

William   Arthur    Bone,   Julien   Drugman,  and    George   William 

Andrew. 

In  a  previous  paper  on  this  subject  (this  vol.,  p.  660)  we  discussed  the 
results  of  a  series  of  experiments  on  the  propagation  of  a  flame  under 
ordinary  conditions  ("inflammation")  through  mixtures  of  typical 
hydrocarbons  with  amounts  of  oxygen  insufficient  for  complete  com- 
bustion, from  which  it  was  argued  that  there  is  no  essential  difference 
between  the  mechanism  of  combustion  above  and  below  the  ignition 
point,  inasmuch  as  both  phenomena  involve  the  initial  formation  of 
hydroxylated  molecules. 

The  proof  of  this  proposition  depended  chiefly  on  two  sets  of  facts, 
namely  : 

(1)  The  remarkable  contrast  between  the  behaviour  of  an  olefine 
and  that  of  the  corresponding  paraffin  when  exploded  with  a  proportion 
of  oxygen  represented  by  the  expression  C:cHj,  +  a;/202,  and  (2)  the 
phenomena  associated  with  the  inflammation  of  a  mixture  of  an  olefine 
with  much  less  oxygen  than  this  expression  requires,  for  example, 
3C2H4  +  2O2. 

Having  established  these  main  facts,  it  seemed  important  to  investi- 
gate the  behaviour  of  mixtures  of  ethane  and  oxygen,  and  ethylene  and 
oxygen,  corresponding  to  CgHg  -l-  Oo  and  SCgH^  -t-  2O2  respectively,  by 
a  method  which  would  allow  of  some  discrimination  between  the 
various  combustion  products,  according  as  they  arise  at  an  earlier  or 
later  stage  in  the  flame.  The  method  consisted  in  a  careful  comparison 
of  the  phenomena  associated  with  the  passage  of  a  flame  through  a 
given  explosive  mixture  sealed  up  in  glass  vessels  of  gradually  diminish- 
ing surface  area  per  unit  volume,  the  argument  being  that,  provided 
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the  whole  of  the  mixture  is  actually  "  inflamed,"  the  primary  products 
will  tend  to  accumulate  the  more  the  flame  is  subjected  to  the  cooling 
influence  of  the  walls  of  the  containing  vessel,  and,  conversely,  will  be 
more  and  more  replaced  by  secondary  products  as  this  cooling  action 
is  diminished.  These  experiments  have  yielded  very  interesting  results, 
which  are  entirely  in  accordance  with  the  theory  advanced  in  the 
previous  paper. 

Hitherto  we  have  refrained  from  discussing  the  subject  of  "  de- 
tonation," except  quite  incidentally  in  connexion  with  other  mattei-s, 
because  of  the  difficulty  of  obtaining  any  crucial  evidence  as  between 
our  own  views  and  other  possible  theories.  Experiments  on  the 
detonation  of  an  equimolecular  mixture  of  ethylene  and  oxygen,  or 
of  acetylene  and  oxygen  (see  Lean  and  Bone,  Trans.,  1892,61,873, 
and  Bone  and  Cain,  Trans.,  1897,  71,  26),  afforded  no  ci'ucial  data, 
because  the  results  obtained  can  be  explained  either  by  our  theory  or 
on  the  supposition  of  a  preferential  burning  of  carbon.  Since  the 
public-ation  of  our  last  paper,  however,  we  have  succeeded  in  setting 
up  "  detonation  "  in  mixtures  of  ethane  and  oxygen  and  butane  and 
oxygen,  corresponding  to  CgHg  +  Og  and  C4Hjo  +  4:0.2  respectively. 

The  results  obtained  enable  us  to  advance  the  main  question  a 
stage  further,  inasmuch  as  they  indicate  that  there  is  probably  no 
essential  difference  between  "  detonation  '  and  "  ivjlammation,"  so  far 
as  the  result  of  the  initial  encounters  between  individual  molecules  of 
hydrocarbon  and  oxygen  is  concerned.  In  other  words,  the  new  facts 
afford  an  experimental  basis  for  the  belief  that  the  theory  outlined  in 
our  previous  paper  truly  represents  the  mechanism  of  "detonation  "  as 
well  as  of  ordinary  "  inflammation." 

T.  Discrimination  between  the  Variovs  Products  obtained  in  Ordinary 
Hydrocarbon  Flames. 

These  experiments  were  all  carried  out  with  mixtures  of  either  ethane 
and  oxygen,  or  ethylene  and  oxygen,  corresponding  to  C^Hg  +  O.,  and 
SCgH^  +  2O2  respectively.  For  the  sake  of  brevity,  we  shall  confine 
our  remarks  to  a  series  of  typical  comparative  experiments  with  each 
mixture  in  which  three  different  vessels  were  employed,  since  they  bring 
out  very  clearly  all  the  salient  features  of  our  results.  In  each  experi- 
ment, the  mixture  under  investigation  was  inilamed  in  one  of  the  three 
following  vessels  : 

A.  Sp/ierical  Glass  Globe  of  stout  borosilicato  glass,  internal  diameter 
=  8'5  cm.,  volume  =  320  c.c.  The  mixture  was  ignited  by  a  spark  at 
the  centre  of  the  vessel.     The  area  of  the  intorn.il  walls  =  226  sq.  cm., 

and  the  ratio -— f — - —     ,  hereafter  called  the  "  cooliv(/  factor," 

Volume 

=  0-7. 
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B.  Borosilicate  Glass  Cylinder.  Length  =  1  '5  metres,  internal  dia- 
meter =20  mm.,  volume  =  470  c.c,  area  of  cooling  walls  =  940  sq. 
cm.,  and  ^'  cooling  factor  ^^  =2"0. 

The  mixture  was  fired  by  a  spark  passed  between  wires  at  one  end  of 
the  cylinder,  and  the  flame  travelled  down  its  whole  length  and  was 
finally  extinguished  at  the  other  end. 

C  Borosilicate  Glass  Cylinder,  Length  =  0'67  metre,  internal  dia- 
meter =12*5  mm.,  volume  =  80  c.c,  area  of  cooling  walls  =  250  sq. 
cm.,  and  ^^ cooling  factor"  =30.  As  in  the  previous  case,  the 
mixture  was  inflamed  by  a  spai^k  at  one  end  of  the  cylinder. 

Each  of  the  vessels  was  provided  with  suitable  inlet  and  outlet  tubes 
of  capillary  bore,  which  facilitated  the  sealing  up  of  the  whole  arrange- 
ment after  the  gases  had  been  introduced  at  the  desired  experimental 
pressure,  a  very  necessary  precaution  against  loss  of  gas  during  the 
explosive  combustion. 

In  tabulating  the  various  results  we  shall  make  use  of  : 

;) J  =  initial  pressure  of  the  "nitrogen-free"  original  mixture  before 
firing. 

jOg  =  final  pressure  of  the  "nitrogen-free"  cold  products. 


(i)  Experiments    with    an    Equhnolecular    Mixture    of  Etlume  and 

Oxygen. 

C2Hg  =  49-5  and  Oo  =  50"5  per  cent. 

In  the  case  of  this  mixture  it  will  only  be  necessary  to  consider  the 
results  of  typical  comparative  experiments  with  the  larger  globe,  A,  and 
the  long  cylinder,  B,  lespectively,  because  the  enhanced  cooling  effect 
obtained  in  passing  from  B  to  the  narrower  cylinder,  C,  usually  brought 
about  the  extinction  of  the  flame  after  it  had  travelled  a  short  distance 
from  its  origin. 

(a)  When  the  mixture  was  fired  in  the  long  cylinder,  B,  at  an  initial 
pressure  of  701  mm.,  a  bright  flame  slowly  travelled  down  its  whole 
length  at  a  rate  of  half  a  metre  per  second.  There  was  no  sign  of  any- 
thing approaching  "  detonation,"  but  the  whole  of  the  mixture  was 
actually  inflamed,  and  from  a  photographic  record  it  was  estimated 
that  each  successive  layer  of  gas  remained  incandescent  for  from  TrVth 
to  aV^h  of  a  second.  Some  carbon  separated  in  the  flame,  and  much 
water  condensed  on  cooling.  The  ratio  jo.^/jw^  was  r45,  and  on  sub- 
sequently rinsing  out  the  cylinder  with  distilled  water,  and  applying 
Schiff's  test  to  the  rinsings,  a  very  strong  aldehydic  reaction  was 
obtained.  The  gaseous  products  contained  as  much  as  5'0  per  cent,  of 
acetylene  and  2-65  per  cent,  of  ethylene. 

(6)  In  the  comparative   experiment  with  the    large  globe,    at   an 
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initial  pressUl^e  of  651  mm.,  a  lurid  flame  instantly  filled  the  vessel. 
There  was  a  much  greater  separation  of  carbon  than  was  observed  with 
the  cylinder,  but  less  water  condensed  on  cooling.  The  ratio  p^lpi  was 
now  as  high  as  1-73,  a  clear  indication  that  the  longer  duration  of  the 
flame  had  increased  the  yield  of  gaseous  products  at  the  expense  of 
steam  and  aldehydes.  Another  noticeable  feature  about  the  results  was 
the  very  small  quantity  of  acetylene  and  ethylene,  0-15  per  cent,  only, 
in  the  gaseous  products.  On  applying  Schiff's  test  to  the  rinsings,  a 
much  fainter  aldehydic  reaction  was  obtained  than  in  the  previous 
experiment,  although  it  was  still  quite  distinct. 

The  influence  of  "cooling"  was  further  demonstrated  in  another 
way  by  repeating  the  experiment  with  the  globe  at  a  much  lower 
initial  pressure  (448  mm.),  when,  of  course,  the  flame  temperature 
would  be  lower.  The  flame  again  filled  the  bulb,  much  carbon 
separated,  but  more  water,  aldehydes,  and  unsaturated  hydrocarbons 
were  formed  than  at  higher  pressures,  and  the  ratio  pcjp-^  fell  to  1*61. 
By  again  reducing  the  initial  pressui-e  to  250  mm.,  the  vA.tio  p.Jp^  fell 
to  1-52,  and  the  condensed  products  further  increased.  Lowei'ing  the 
pressure  had  therefore  much  the  same  influence  upon  the  final  result 
as  increasing  the  cooling  action  of  the  walls  of  the  containing  vessel. 

The  results  of  these  typical  experiments  are  repi'oduced  below  : 


(a). 
Long  cylinder. 

{b). 
Large  globe. 

Ih- 

p,. 

pjl 

701  mm. 

1018    ,, 
1-45 

685  mm. 
1187    ,, 
1-73 

448  mm. 

724    ,, 

J, 

1-61 

Percentage 

composition 

of  gaseous 

products. 

fCOo 

CO" 

C.,H.,    ... 

CH";    ... 

C'H^ 

'^H 

4-20 
34-80 

8-85 
44-50 

3-40 
36-10 

0-15 

7-25 
53-05 

4-00 
34-10 

2-25 

6-85 
52-80 

Units  of 

Units  of 

C.        H.       0. 

678     1017     346 
558       805     255 

Units  of 

Original  mixture   ... 
Final  products    

C.        H.       0. 

694     1041     354 
643       738     220 

C.        H.       0. 
443     665     226 
358     502     152 

Difference 
IVrcentag 

51       303     134 
7-6         29    37-8 

120       212       91 
18         20   27-5 

85     163       74 

e  difference 

19    24-5    3-J-8 

The  above  results,  showing  as  they  do  that  water,  unsaturated  hydro- 
carbons, and  aldehydes  are  prominently   produced   during  the  initial 
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stages  of  combustion  in  ordinary  flames,  whereas  carbon  is,  com- 
paratively speaking,  a  later  product,  are  entirely  in  accordance  with 
the  views  set  forth  in  our  previous  paper.  For  if  the  successive  stages 
in  the  combustion  of  ethane  are  correctly  represented  by  the  scheme 

CoHg    -^     CoH^-OH     — >     aH4(OH)2     -^     &c., 

C2H4  +  H2O        CHg-CHO  +  H2O 

j6h7+co 
[  c  +  2H2  +  CO 

it  is  obvious  that  ethylene  would  arise  at  an  early  stage,  for  example, 
as  the  result  of  the  thermal  decomposition  of  ethyl  alcohol,  C2H5*OII  = 
CgH^  +  HgO,  and  it  is  not  difficult  to  explain  the  early  formation  of 
acetylene  also,  since  acetylene  is  a  prominent  decomposition  product  of 
ethylene.  Both  steam  and  aldehydes  would  be  formed  in  large 
quantities  during  the  initial  stages  by  the  decomposition  of  hydroxylated 
molecules,  but  carbon  would  be  a  later  product  of  the  breaking  down 
of  acetaldehyde  and  unsaturated  hydrocarbons.  The  incandescent 
carbon  so  liberated  would  rapidly  react  with  steam,  so  that  the  longer 
the  duration  of  the  flame,  the  less  the  steam  found  in  the  final 
products. 


(ii)  J^xperiments  with  a  Mixture  of  Ethylene  and  Oxygen,  3C.2H4  +  2O.2, 

Similar  striking  differences  in  the  relative  proportions  of  the  various 
products  according  to  the  rate  of  cooling  were  observed  with  this 
mixture,  as  in  the  foregoing  experiments  with  ethane  and  oxygen,  as 
follows  : 

(a)  When  the  shorter  and  narrower  cylinder  C  was  employed,  the 
flame  rapidly  traversed  the  whole  of  the  mi?;ture.  Some  carbon 
separated,  and  much  water  and  aldehydes  were  formed.  The  ratio  j'Jo/^Ji 
was  1407,  and  the  gaseous  products  contained  no  less  than  10  per  cent, 
of  acetylene,  which  was  undoubtedly  produced  at  a  very  early  stage  of 
the  combustion  process. 

(b)  With  the  longer  and  wider  cylinder  B,  where  the  cooling  would 
be  somewhat  less  rapid,  the  flame  ran  down  the  tube  in  considerably 
less  than  a  second.  There  was  a  sharp  click  when  it  reached  the  far 
end,  but  the  vessel  remained  intact,  and  there  was  no  evidence  of 
detonation.  More  carbon  separated  than  in  the  previous  experiment, 
and  the  gaseous  products  contained  much  less  acetylene,  only  375  per 
cent,  in  fact.  Much  water  condensed  on  cooling,  and  the  rinsings  gave 
a  very  strong  aldehydic  reaction;  about  21  per  cent,  of  the  original 
oxygen  appeared  in  the  condensed  products,  as  compared  with  25  per 
cent,   in  the   previous   experiment,  so   that   the  somewhat    less    rapid 
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cooling  had  a  distinct  influence  on  tlie  quantities  of  steam  and  aldehydes 
which  survived  the  flame.     The  ra,tio  p^/p^  was  1"44. 

(c)  The  effect  of  retarded  cooling  was  very  marked  in  the  experi- 
ments with  the  large  globe  A.  There  was  a  larger  separation  of 
carbon  and  a  much  less  condensation  of  water  than  in  the  previous 
experiments,  whilst  the  acetylene  in  the  final  products  did  not  exceed 
0-4  per  cent.  At  the  same  time,  practically  the  whole  of  the  aldehydes 
were  decomposed  in  the  flame,  for  when  Schiff's  test  was  applied  to  the 
rinsings,  no  coloration  appeared  even  after  long  standing.  The  ratio 
l^i/Pi  ^^^  '^o^^  1'78.  Clearly,  therefore,  the  longer  duration  of  the 
flame  had  brought  about  the  almost  entire  disappearance  of  acetylene 
and  aldehydes,  and  had  gi^eatly  facilitated  the  decomposition  of  the 
steam  by  incandescent  carbon,  so  that  the  final  products  obtained  were 
for  the  most  part  secondary  in  character. 

The  results  of  these  experiments,  which  are  tabulated  below,  are  in 
complete  harmony  with  our  theory  of  combustion,  as  will  be  seen  from 
the  following  scheme  : 


CHglCH^ 


CH2:0H(0H) 
2C  +  H, 


-^     CH(OH):CH(OH) 

I 

2CH,0 

2C0  +  ml 


Short   narrow          Long  cylinder,  i?. 
cylinder,  6.                   n    j           > 

(c). 
Large  globe,  A. 

Pl- 

Po- 

T2I1 

753  mm. 

1080    ,, 
1-407 

730  mm. 
1053    ,, 
1-44 

756  mm. 
1356    ,, 

),  

1-78 

Percentage 

composition 

of  gaseous 

products. 

^CO., 

CO" 

C2H2 

C.,H4    ... 
CH, 

H.    

*^0, 

2-65 
37-35 
10-00 

2-90 

4-15 
42  20 

0-75 

Units  of 

2-50 
40-10 
3-75 
1  -25 
5-20 
47-20 
nil 

0-50 
41-45 

1             0-40 

2-90 

54-75 

nil 

Units  of 

Units  of 

Original  mixture    ... 
Gaseou.s  products  ... 

C.       H.      0." 

879     879     310 
737     703     233 

C.       11.      0. 

856     856     302 
608     676     237 

C.       H.      0. 

883     883     310 
611     819     284 

Difference 
Fercentag 

142     176       77 

248     180       65 

272       64       26 

e  difference 

16      20      25 

29       21       21 

81      7-2     8-4 
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II.   Experiments    on    the    Detonation    of  Mixtures    corresponding    to 
CgHc,  +  Oo  and  C^H^q  +  20^  respectively. 

Detonation  is  not  readily  set  up  in  an  equimolecular  mixture  of 
ethane  and  oxygen,  and  to  ensure  success  we  found  it  necessary  to 
work  at  fairly  high  pressures  with  a  stout  leaden  coil  of  rather  large 
diameter,  and  also  to  start  the  explosion  wave  in  a  special  firing-piece 
containing  electrolytic  gas  under  high  pressure.  The  arrangement  of 
our  apparatus  is  shown  in  the  accompanying  sketch. 


The  lead  coil,  A,  was  20  feet  long,  31  mm.  external  and  26  mm. 
internal  diameter,  with  a  capacity  of  3100  c.c.  It  was  set  in  position 
in  a  large  water-bath,  so  that  its  contents  could  be  heated  to  the 
boiling  point  of  water  just  before  being  fired  or,  after  the  explosion, 
rapidly  cooled  again  to  the  ordinary  temperature  by  water  from  the 
mains.  One  end  of  the  coil  was  closed  by  a  gun-metal  cock,  B,  such 
as  is  used  in  connection  with  high  pressure  steam  gauges.  Through  this 
cock,  connexion  could  be  established  with  the  capillary  manometer,  M, 
and  also  through  the  stopcock,  N,  with  a  mercurial-  or  water-pump  as 
occasion  demanded. 

The  other  end  of  the  coil  terminated  in  a  large  steel  tap,  C,  of  wide 
bore,  provided  with  a  small  side-tap,  D,  on  the  side  I'emote  from  the 
coil.  The  tap  C  communicated  with  the  "firing-piece,"  E,  composed 
of  lead  tubing  1*0  metre  long  and  12  mm.  in  diameter,  provided  with 
suitable  firing  wires  fused  in  through  a  stout  glass  piece,  F.    The  other 
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end  of  the  firing-piece  was  closed  by  the  gun-metal  cock,  G,  similar  in 
design  to  B.  The  capacity  of  the  firing-piece  was  120  c.c,  and  it  will  be 
seen  that  by  closing  the  steel  tap  C,  the  firing-piece  could  be  filled  with 
electrolytic  gas  at  any  desired  pressure,  after  the  coil  itself  had  been 
filled  with  the  experimental  mixture.  The  small  side-tap,  D,  allowed 
of  the  gas  previously  in  the  firing-piece  being  swept  out  by  the  electro- 
lytic gas. 

After  the  apparatus  had  been  set  up,  it  was  thoroughly  tested 
as  follows:  (1)  it  was  completely  exhausted  and  allowed  to  stand 
vacuous  for  two  days  in  connection  with  the  manometer,  but  no 
air  entered ;  (2)  oxygen  was  maintained  in  the  coil  and  firing-piece  at 
4  atmospheres  pressure  for  several  hours  without  any  appreciable 
escape ;  (3)  finally,  the  coil  and  firing-piece  were  filled  at  atmospheric 
temperature  with  an  equimolecular  mixture  of  ethylene  at  a  pressure 
of  680  mm.  On  firing  the  mixture,  detonation  was  set  up,  but  there 
was  no  escape  of  gas,  and  except  for  a  slight  increase  in  the  volume  of 
the  coil  (about  35  c.c), due  to  the  force  of  the  explosion,  the  apparatus 
remained  perfectly  intact.  After  allowing  for  this  slight  increase  in 
volume,  the  "  corrected "  final  pressure  of  the  cold  products  was 
1346  mm.,  so  that/?.,/p^  =  1*98.  Since  the  mixtui-e  CoH^-f  Oo  is  known 
to  yield  carbon  monoxide  and  hydrogen  on  detonation,  ^.^^-\-0.^  — 
[2CH20]  =  2C0  4-2Ho,  tho  ratio  1-98  showed  that  the  apparatus  could 
bo  relied  on  to  resist  successfully  the  shock  of  detonation  without  any 
outleakage  of  the  gaseous  products. 

(a)   With  the  Mixture  CoHg-t-Oo- 

The  question  at  issue  was,  will  this  mixture  on  detonation  exhibit 
a  preferential  combustion  of  carbon,  CoH,, +  0^  =  2C0-}- SHg,  or  will 
the  course  of  events  be  essentially  the  same  as  in  ordinary  in- 
flammation ? 

Three  experiments  were  made,  the  first  two  with  a  mixture  contain- 
ing CoH,.  =  5025  and  00  =  49 '75  per  cent.,  the  third  with  one 
containing  CgH^  =  50' 1  and  Og  =  49-9  per  cent,  respectively,  as  follows  : 

(1)  The  coil  was  filled  at  17°  and  906  mm.  with  the  experimental 
mixture  and  its  tempei-ature  raised  to  98°.  Meanwhile  the  firing-piece 
was  charged  with  electrolytic  gas  at  2^  atmospheres'  pressure.  The 
connecting  tap,  C,  was  then  opened,  and  five  seconds  later  the 
electrolytic  gas  was  fired.  A  heavy  sound  indicated  the  setting  up  of 
detonation  in  the  electrolytic  gas,  and  at  the  same  instant  a  sharp 
metallic  click  at  the  far  end  of  the  coil  showed  that  the  explosion-wave 
had  been  propagated  through  the  mixtiu-o  of  ethane  and  oxygen 
in  the  coil. 

The  hot  water  surrounding  the  cqil  was  rapidly  discharged  through 
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three  Jarge  syphons,  and  immediately  afterwards  the  bath  was  filled 
up  with  cold  water  from  the  mains,  so  that  within  a  minute  of  the 
explosion  the  contents  of  the  coil  were  cooled  down  to  the  ordinary 
temperature.  The  tap  B  communicating  with  the  manometer  was 
opened,  and  the  pressure  read  about  two  minutes  later.  The  mercury 
in  the  manometer  kept  perfectly  steady  for  half  an  hour,  showing  that 
all  joints  and  connections  had  remained  quite  tight.  So  violent  had 
been  the  explosion  that  the  volume  of  the  coil  had  increased  from 
3100  to  3300  c.c,  and  careful  measurement  with  a  pair  of  callipers 
showed  that  its  diameter  had  increased  slightly  throughout  its  whole 
length.  Allowing  for  the  increase  in  the  volume  of  the  coil,  and  for 
the  fact  that  the  products  now  filled  both  coil  and  firing-piece,  the 
"  corrected  "  pressure  of  the  cold  product  was  1700  mm.  or  p.-,lpi  =  1"86. 

(2)  The  experiment  was  repeated  with  the  same  coil,  the  initial 
pressure  being  1180  mm.  The  firing-piece  was  charged  up  to  3  atmo- 
spheres with  electrolytic  gas.  The  explosion  was  very  violent,  the  coil 
being  visibly  enlarged,  its  volume  increasing  from  3300  to  3900  c.c, 
but  otherwise  it  remained  quite  intact.  Making  due  allowance  for 
this  increase  in  volume,  and  for  the  fact  that  the  products  filled  both 
coil  and  firing-piece,  the  "  corrected  "  pressure  of  the  cold  products  was 
2240  mm.,  so  that  p2/;ji  =  l-90. 

On  subsequent  exhaustion,  the  apparatus  sustained  the  vacuum 
perfectly  for  sixteen  hours.  An  examination  of  the  coil  showed  how 
violent  had  been  the  explosion.  The  external  diameter  at  the  end 
nearest  the  connecting  tap  C,  where  the  explosion-wave  entered 
the  coil,  had  remained  31  mm.,  but  20  cm.  along  the  coil  it  had 
already  become  33*5  mm.,  and  for  the  greater  part  of  its  length  it  was 
34-5  mm.  The  far  end  nearest  the  cock  B,  the  coil  had  become 
pear-shaped,  the  diameter  at  the  widest  part  being  no  less  than  44  mm. 
So  seriously  had  the  coil  been  strained  that  it  was  deemed  unsafe  to 
use  it  further,  and  a  new  one  of  similar  internal  dimensions,  but  with 
somewhat  stronger  walls,  was  installed  in  its  place. 

(3)  The  new  coil  had  a  capacity  of  3080  c.c.  The  original  mixture 
was  charged  in  at  a  pressure  of  987  mm.,  and  the  firing-piece  was 
filled  with  electrolytic  gas  at  2|  atmospheres.  The  procedure  was  the 
same  as  in  the  two  previous  experiments.  The  coil  was  expanded  fi'om 
3080  to  3280  c.c.  by  the  explosion.  The  corrected  final  pressure  of 
the  cold  products  was  1802  mm.,  so  that;?2/i'^i  =  1"83. 

(4)  This  experiment  was  designed  to  prove  the  instantaneous  char- 
acter of  the  explosion.  It  will  be  remembered  that  when  the  mixture 
CoH^-hOg  was  inflamed  in  the  long  glass  cylinder  under  ordinary 
conditions,  the  flame  travelled  quite  slowly  through  the  mixture  at 
a  rate  of  half  a  metre  per  second.  At  this  rate,  it  would  have  taken 
about  twelve  seconds  to  ti-avel  down  the  coil.     The  contrast  between 
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this  state  of  things  and  detonation  is  evident  from  the  following 
description.  After  the  coil  had  been  filled  with  the  mixture  at 
1000  mm.  pressure,  the  pump  and  manometer  connections  were 
removed,  and  a  short,  stout  glass  test-tube  was  firmly  attached  by 
means  of  pressure  tubing  to  the  cock  B.  The  cock  was  then 
opened,  and  the  contents  of  the  coil  fired  in  the  usual  manner. 
Instantly  there  was  a  deafening  report,  the  test-tube  being  reduced  to 
fine  powder.  A  black  smoke  was  projected  from  the  coil,  an  indica- 
cation  of  the  liberation  of  carbon  during  the  explosion. 

The  instantaneous  character  of  the  explosion,  which  was  certainly 
propagated  through  the  gaseous  mixture  with  very  great  velocity,  and 
its  violence,  as  demonstrated  by  the  enlargement  of  the  coil  throughout 
its  whole  length,  leave  little  room  for  doubt  that  the  conditions 
of  the  above  experiments  were  those  of  "detonation"  and  not  of 
ordinary  "  inflammation." 

The  results  of  the  above  experiments  are  tabulated  below  : 


1. 

2. 

3. 

i 

Pi 906  mm. 

P2 '         1700    ,, 

ihlih ,           i-se 

1180  mm. 
2240    ,, 
1-90 

984  mm. 
1802    ,, 
1-83 

Percentage 

composition 

of  gaseous 

products. 

^COo 

CO"  

C„H,    ... 

cCh;;  ... 

CH4 

l^H,    

1-65 
39-00 
1-20 
0-50 
6-65 
51-00 

1-80 
39-10 
0-90 
0-50 
7-70 
50-00 

2-2 
38-1 

)     -^ 

8-1 
49-1 

Units  of 

Units  of 

Units  of 

In  original  mixture.. 
In  gaseous  jiroducts. 

C.        H.       0. 

910     1365     451 
862     1131     359 

C.         H.       0. 
1186     1779     587 
1151  ,  1507     488 

C.        H.       0. 

986     1479     491 
962     1237     383 

Difference 
I'ercentag 

48       234       92 
5-3         17       20 

35       272       99            24       242     108 

c  difference 

3        15       17 

2-5         17       22 

Con.sidering  now  the  main  question  at  issue  in  light  of  the  above 
results,  it  is  clear  that  they  are  decisive  against  the  theory  that  in 
"  detonation  "  a  preferential  combustion  occurs,  for  example, 

C^H,. +  0.^  =  200  + 3  H2. 
On  the  other  hand,  the  great  similarity  between  these  results  and  those 
obtained  when   the    same    original    mixture    was    "inflamed"    under 
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ordinary  conditions,  warrants  the  view  that  the  mechanism  of  com- 
bustion is  essentially  the  same  in  both  "  detonation  "  and  "  inflamma- 
tion." Indeed,  it  seems  impossible  to  explain  the  appearance  of  as 
much  as  20  per  cent,  of  the  original  oxygen  among  the  condensed 
products,  and  the  presence  of  from  6'5  to  8*0  per  cent,  of  methane  in 
the  gaseous  products,  in  the  above  experiments,  except  on  the  assump- 
tion that  in  "  detonation,"  as  in  ordinary  flames,  hydroxylated 
molecules  are  initially  produced.  The  difference  between  the  true  pheno- 
mena is  probably  mainly  one  of  temperature.  At  the  much  higher 
temperature  of  the  explosion  wave,  the  reduction  of  steam  by  any 
carbon  liberated  is  greatly  accelerated,  so  that  less  of  both  these 
products  survive  than  is  the  case  with  ordinary  flames. 

The  great  stability  of  methane  at  such  high  temperatures  is  strik- 
ingly demonstrated  by  the  above  results.  Indeed,  it  would  seem  as 
though  the  rate  at  which  methane  is  decomposed  in  the  flame  is  much 
slower  than  that  at  which  the  liberated  carbon  reduces  steam.  We 
surmise  that  with  gradually  increasing  initial  pressures  the  methane 
would  be  more  and  more  decomposed  in  the  flame,  and  in  consequence 
the  steam  more  and  more  decomposed  by  the  carbon  liberated,  until,  at 
some  doubtless  very  high  pressure,  the  final  products  would  consist 
mainly,  if  not  entirely,  of  carbon  monoxide  and  hydrogen,  as  though 
preferential  combustion  of  carbon  had  occurred.  This  is  a  problem 
which  one  of  us  is  now  investigating  with  an  apparatus  especially 
designed  for  high  pressure  work. 

(b)   With  the  Mixture  C^H^o  4-  2O2. 

It  was  deemed  advisable  to  make  at  least  one  experiment  with  a 
higher  paraflin,  and  for  this  purpose  w-butane  was  selected.  The 
original  mixture  contained  0^11^0  =  34  0  and  02  =  66*0  per  cent.  At 
first  we  attempted  to  set  up  detonation  in  this  mixture  at  atmospheric 
pressure,  with  the  firing  piece  charged  with  electrolytic  gas  up  to 
3  atmospheres,  but  without  success.  The  explosion  wave  was,  of 
course,  set  up  in  the  electrolytic  gas,  but  died  out  shortly  after  enter- 
ing the  coil. 

In  the  one  successful  experiment  the  coil  was  filled  with  the  experi- 
mental mixture  at  16°  and  929  mm.,  and  the  firing  piece,  with 
electrolytic  gas  vmder  3  atmospheres.  The  procedure  was  the  same 
as  in  previous  experiments.  On  firing,  the  explosion  wave  was  pro- 
pagated through  the  whole  mixture,  and  the  violence  of  the  explosion 
caused  an  increase  in  the  volume  of  the  coil  from  3225  to  3450  c.c. 
Allowing  for  this  expansion,  and  the  fact  that  the  products  filled  both 
the  coil  and  firing  piece,  the  corrected  pressure  of  the  cold  products 
was  2170  mm.,  so  that  pg/^^i^  2-33.      The  results  of  this  experiment, 
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which  are  given  below,  entirely  confirmed  those  obtained  with  ethane. 
It  will  be  seen  that  the  gaseous  products  contained  no  less  than 
6*2  per  cent,  of  methane,  and  that  as  much  as  15  per  cent,  of  the 
original  oxygen  appeared  in  the  condensed  products. 


.COo 

per  cent. 
=    1-70. 
=  44-6- 

=    1-9. 

=   6-2. 
=  45-6. 

mm.,  P2  =  2170  mm.,  pj^ 

Original  mixture     

Gaseous  Products   

Difference    

Percentage  difference. 

Pi  =  2-33. 

Units  of 

CO 

C2H0  \ 

CH4 

C. 
..     1264 
..     1221 

43 

H. 
1580 
1320 

0. 

613 
521 

260 

92 

3-5 

16-5 

15 

o 
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CLXIV. — Derivatives  of  Polyvalent  Iodine.     The  Action 

of  Chlorine  on  Organic  lodo- derivatives,  including 

the  Sidphonium  and   Tetra-substituted  Ammonium 

Iodides. 

By  Emil  Alphonse  Werner. 

Since  the  original  preparation  of  o-iodosobenzoic  acid  by  V.  Meyer 
and  Wachter  in  1892  (Ber.,  25,  2632),  and  the  subsequent  discovery 
of  the  remarkable  iodonium  compounds  two  years  later  by  V.  Meyer 
and  Hartmann  {Ber.,  27,  426),  numerous  additions  to  our  knowledge 
of  these  interesting  iodine  derivatives  have  been  made,  particularly  liy 
Willgerodt  and  his  pupils. 

As  far  back  as  1886,  Willgerodt  (/.  ;)r.  C/iem.,  [ii],  33,  154)  showed 
that  chlorine  under  ordinary  conditions  does  not  displace  the  iodine  in 
iodobenzene,  but  forms  the  addition  compound  CcH^'IClg,  from  which 
iodosobenzene  and  diphenyliodonium  hydioxide  may  be  prepared ; 
indeed,  this  compound  may  be  regarded  as  the  parent  substance  from 
which  all  these  basic  compounds  of  tervalent  iodine  are  derived.  The 
marked  difference  in  the  behaviour  of  iodine  towards  chlorine,  when 
the  former  is  in  union  with  the  phenyl  or  methyl  group,  for  instance, 
is  very  remarkiible,  and  suggests  the  question,  "  is  union  with  a  closed 
carbon  chain  an  essential  condition  for  this  behaviour  of  the  iodine 
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atom."  Willgerodt  and  his  co-workers  have  shown  that  the  presence 
of  different  negative  elements  or  radicles,  such  as  Br,  CI,  NOo,  SO3H, 
CO'CgTIg,  in  the  benzene  nucleus  does  not  materially  affect  the  power 
of  the  iodine  of  uniting  directly  with  chlorine,  and  this  is  also  true  of  the 
presence  of  the  aliphatic  hydrocarbon  i-adicles,  such  as  CH3,  CgHg,  C3H7, 
C^Hg,  and  Cr^Hj^  the  corresponding  iodoso-  and  iodonium-derivatives 
being  obtainable  in  most  cases  from  the  dichloro-addition  compounds 
(Willgerodt,  Ber.,  1893,  26,  1532,  1802  ;  Willgerodt  and  Brandt, 
J.  pr.  Ghem.,  1904,  [ii],  69,  433;  Willgerodt  and  Rampocher,  Ber., 
1901,  34,  3666;  Willgerodt  and  Dammann,  Ber.,  1901,  34,  3678). 

In  the  case  of  iodomesityleue,  both  the  dichloride,  C^H._,(CH3)3*IClo, 
and  the  iodoso-derivative,  CflH2(CH3)3*10,  are  very  unstable  (Willgerodt 
and  Roggatz,  J.  pr.  Ghem.,  1900,  [ii],  61,  423). 

More  recently  it  has  been  shown  that  m-di-iodobenzene  can  unite  with 
chlorine  in  two  stages  to  form  the  compounds  CgH^I'IClg  and 
C^^^(IQW,  from  which  the  basic  oxides  CgHJ-IO  and  G^HJ^IO).^ 
respectively  have  been  prepared  (Willgerodt  and  Desaga,  Ber.,  1904, 
37,  1301),  whilst  from  3  : 4-di-iodotoIuene  only  the  compound 
CgHgMel'IClg  was  obtained  on  chlorination,  and  the  corresponding 
iodoso-derivative  could  not  be  isolated  (Willgerodt  and  Simonis, 
Ber.,  1906,  39,  269).  These  results  show  that  the  presence  of  a 
methyl  group  in  the  benzene  nucleus  can  destroy  the  tervalent 
power  of  one  of  the  iodine  atoms,  whilst  the  presence  of  three  methyl 
groups  is  capable  of  seriously  impairing  the  tervalent  power  of  even 
the  single  iodine  atom. 

On  the  other  hand,  McCrae  (Trans.,  1898,  73,  691)  easily  obtained 
a  dibromoiodosotoluene  from  the  compound  CyHgBrg'IClg,  prepared 
from  3:5: 2-dibromoiodotoluene,  and  also  a  tribromoiodosobenzene 
from  the  compound  CgHoBrg-IClg,  prepared  from  1  :  3  :  5  :  2-tribromo- 
iodobenzene  ;  here  the  presence  of  two  and  three  atoms  respectively  of 
bromine  does  not  sensibly  interfere  with  the  combining  power  of  the 
iodine,  but  again  Willgerodt  and  Ernst  {Ber.,  1901,  34,  3406),  from 
s-di-iodonitrobenzene,  could  only  obtain  the  compound  NOo'CgHgl'IClg, 
and  the  corresponding  iodoso-  and  iodoxy-derivatives  ;  in  this  case,  the 
negative  NO^  group  has  destroyed  the  tervalence  of  one  of  the  iodine 
atoms,  just  as  the  positive  CHg  group  has  done  in  3 : 4-di-iodo- 
toluene. 

All  the  published  work  up  to  the  present,  with  a  single  exception, 
which  will  be  referred  to  presently,  has  been  restricted  to  the  study 
of  the  immediate  derivatives  of  benzene,  excepting,  perhaps,  iodo- 
naphthalene,  which  forms  the  compound,  CjQHYl'Cl2,and  iodosonaphtha- 
lene,  CjoHy-IO  (Willgerodt,  Ber.,  1904,  37,  590),  and  iodomethylquinol- 
ine,  from  which  the  compounds  CjoHgN'IClg,  CjoHgN-IO,  and 
(CjoH3N)2l-OH,(CH3:I  =  6:8) 
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lave  been    prepai-ed    (Willgerodt    and    Frischmuth,    Ber.,    1905,    38, 
.805). 

The  fact  that  the  iodine  atom  when  in  union  with  the  benzene  and 
he  closely  related  naphthalene  and  quinoline  rings  is  capable  of 
ixhibiting  a  property  unassociated  with  the  element  in  its  union  with 
arbon  in  an  open  chain  has  now  been  definitely  I'ecognised.  The 
[uestions  which  naturally  arise  from  a  consideration  of  this  peculiar 
inference,  in  addition  to  the  one  already  mentioned  are  : 

1.  Has  the  mass  of  the  radicle  in  union  with  iodine  any  influence  on 
he  occurrence  of  this  property. 

2.  What  changes  in  the  carbon  ring  will  destroy  the  property,  or 
eave  it  unaltered. 

3.  Is  the  property  of  tervalence,  accompanied  by  the  production  of 
)af-ic  bodies,  peculiar  to  the  union  of  iodine  with  carbon. 

With  these  ideas  in  mind,  I  have  made  a  number  of  experiments  on 
he  action  of  chlorine  on  different  organic  iodo-derivatives. 

The  following  open  chain  compounds,  when  subjected  to  the  action  of 
;hlorine  in  solution  in  chloroform  or  carbon  tetrachloride,  are  changed 
nto  the  corresponding  chlorides  with  separation  of  the  iodine,  namely, 
ec.-butyl-,  tert.-hxitjX-,  isoamyl-,  and  ?i-hexyl-iodides,  acetyl,  and 
jropionyl  iodides.  In  this  series,  we  have  the  combinations  -CHgl, 
—CHI  and  =C'I,  the  groups  C^Hj^-  and  CgHj^-,  and  the  negative 
Lcyl  radicles ;  the  results  prove  at  once  that,  all  other  conditions  being 
jqual,  neither  the  nature  of  the  radicle,  whether  positive  or  negative, 
lor  its  mass  in  the  case  of  an  open  chain  compovind,  has  any  effect  on 
;he  valency  of  the  iodine. 

In  these  experiments  the  temperature  was  never  below  -  8°.  While 
,he  work  described  in  the  present  paper  was  in  progress,  an  interest- 
ng  communication  by  Thiele  and  Peter  {Ber.,  1 905,  38,  2842)  appeared ; 
;hese  chemists  have  obtained  methyl  iodochloride  by  the  action  of 
chlorine  on  a  solution  of  methyl  iodide  in  carbon  tetrachloride  and 
ight  petroleum  cooled  by  a  carbon  dioxide-ether  mixture  (presumably 
ibout  —75°)  ;  the  compound  melts  at  -  28°  and  decomposes  into  methyl 
chloride  and  iodine  monochloride. 

The  iodochlorides  prepared  from  the  higher  homologues  are  much 
less  stable,  thus  sec. -butyl  iodochloride  decomposes  at  —  100°,  and  even 
below  tbis  temperature  chlorine  liberates  the  iodine  from  fer/. -butyl 
iodide  in  the  ordinary  way.  These  experiments  of  Thiele  and  Peter 
show  what  a  wide  gap,  in  the  direction  of  lowering  of  temperature, 
inu.st  be  overcome  before  the  iodine  atom  in  union  with  an  open  carbon 
:'hain  can  exert  even  in  a  feeble  degree  the  tervalent  power  which  is 
5o  readily  brought  into  play  when  in  union  with  the  carbon  ring  of 
benzene. 

It    has  yt't  to  be  shown  that    the    dichloi'ide,   CHg'ICl.,,  is   not  a 


1628         WERNER:   DERIVATIVES   OF   POLYVALENT   IODINE. 

molecular  compound  of  the  composition,  CHgCljICI,  corresponding  to 
the  class  of  derivatives  produced  from  iodine  chloride  to  be  later 
described. 

It  appears  evident  from  the  work  of  Willgerodt  and  his  pupils  that 
almost  any  mono-  or  di-substituted  derivatives  of  iodobenzene  can 
unite  with  chlorine  to  form  iodochlorides,  from  which  iodoso-,  iodoxy-, 
and  iodonium  compounds  may  be  prepai*ed  ;  I  have  made  experiments 
■with  a  few  benzene  derivatives  which  do  not  appear  to  have  been 
hitherto  examined,  and  in  each  case  derivatives  of  tervalent  iodine  were 
readily  formed. 

jo-Iodoacetophenone  gives  the  dichloride,  CHg'CO'C^H^'IClg,  and  the 
zWoso-compound,  CHg'CO'CgH^'IO ;  piodoacetanilide  gives  the  di- 
chloride, CHg'CO'NH'CgH^'IClo,  which  undergoes  partial  fusion  at 
110 — 112°  with  evolution  of  chlorine  (see  experimental  part);  the 
loc^oso-derivative  is  a  buff -coloured  powder  having  a  strong  odour  of 
iodoform. 

Di-iododiphenyl  gives  a  tetrachloride,  from  which  the  iodoso-deriva.tive 
and  the  tetra- acetate,  (0^114)212(0 Ac)^,  have  been  obtained. 

From  the  three  o-,'vi-,  and  jtJ-iodonitrobenzenes,the  corresponding  iodo- 
chlorides,  NO^'C^H^'ICIo  were  prepared,  when  it  was  found  that  these 
substances  had  already  been  studied  by  Willgerodt  (Ber.,  1893,  26, 
1532,  1802);  the  ortho-compound  melts  at  96°,  the  meta-  at  97° 
(Willgerodt  gives  100—102°)  and  the  para-  at  170°  (not  stated  by 
Willgerodt) ;  in  each  case  there  is  brisk  evolution  of  chlorine  as  the  sub- 
stance melts. 

I  have  noticed,  in  connection  with  the  iodoso-derivatives  produced  from 
these  isomeric  chlorides,  that  the  j9-compound  possesses  distinctly  feebler 
basic  power  than  the  0-  and  m-compounds ;  this  is  rather  remarkable, 
bearing  in  mind  that  the  negative  NO^  group  is  furthest  removed  from^ 
the  iodine  in  the  former. 

Professor  Willgerodt  has  expressed  a  desire  to  reserve  for  himself  the 
study  of  the  iodoso-  and  iodonium  derivatives  of  benzene  and  its 
homologues  (Ber.,  1900,  33,  853),  so  that  I  have  made  no  further 
experiments  in  this  direction. 

In  seeking  to  obtain  information  as  to  the  effects  produced  by 
changes  in  the  carbon  ring,  I  was  naturally  led  to  examine  the 
behaviour  of  the  iodo-derivatives  of  thiophen.  The  results  of  my 
experiments  on  a-iodothiophen  (S  :I  =  1  :  2)  and  di-iodothiophen  show 
that  the  presence  of  the  sulphur  in  the  carbon  ring  prevents  the 
iodine  from  forming  addition  compounds  with  chlorine,  both  substances 
being  decomposed  similarly  to  the  aliphatic  iodides. 

Strangely  enough,  the  presence  of  the  imino-group  does  not  produce 
the  same  effect ;  tetraiodopyrrole,  when  subjected  to  the  action  of 
chlorine  in  glacial  acetic  acid  or  chloroform  solution,  yields  the  addition 


WERNER:   DERIVATIVES   OF   POLYVALENT   IODINE.         1629 

compounds  C^HNI^jCl^  and  Cj^HNI^,Cl3  without  the  liberation  of  even 
a  trace  of  iodine.  Although  these  compounds  have  only  been  super- 
ficially examined  so  far,  it  seems  likely  that  only  two  out  of  the  four 
iodine  atoms  have  been  able  to  exert  their  tervalence  ;  the  first  com- 
pound is  probably  C^HNIo(ICl2)o.  In  connection  with  the  pyrrole 
compound,  it  is  interesting  to  note  that  Thiele  and  Peter  {Ber.,  1905, 
38,  2842),  by  the  action  of  chlorine  on  chloroiodofumaric  acid,  have 
obtained   an   iodosochloride,    to   which  they  attribute  the  constitution 

CCl'CO 

II      rr\\^^ '  ^^  ^^^^  case,  the  tervalence  of  the  iodine  is    distributed 

CiL'lCl 

between  carbon,  chlorine,  and  oxygen,  in  which  respect  this  compound 

differs   from  all    the  other  organic    derivatives  of    polyvalent    iodine 

hitherto  described.     The  existence  of  such  a  compound   is  of  no  help 

in    predicting  the   probable  behaviour  of  iodine   in   a  i-ing  compound 

such  as  furfuran,  the  oxygen  analogue  of  thiophen.     The  difiiculty  of 

obtaining    iodo-derivatives   of    this  compound   has  debarred  me  from 

securing  any  experimental  evidence  on  this  interesting  point. 

As  regards  the  behaviour  of  iodine  in  union  with  elements  other 
than  carbon,  we  have  undoubted  evidence  of  its  polyvalent  character 
in  such  compounds  as  iodine  trichloride,  iodic  acid,  and  periodic  acid  and 
the  many  derivatives  of  the  latter ;  for  instance,  Blomstrand  {Zeit. 
anorg.  Chem.,  1892,  1,  10)  explains  the  constitution  of  the  several 
complex  molybdoperiodates  examined  by  him  on  the  assumption  that 
the  iodine  is  heptavalent,  the  constitution  of  periodic  acid  being 
0!I(OH)j;.  All  these  compounds  of  iodine  possess  the  normal  properties 
usually  connected  with  the  pi'esence  of  a  negative  element ;  thus  we 
know  of  no  basic  derivatives  of  iodine  outside  the  class  of  compounds 
prepared  by  V.  Meyer  and  by  Willgerodt. 

In  the  hope  of  obtaining  derivatives  of  polyvalent  iodine  in  which 
the  element  is  in  direct  union  with  sulphur  and  nitrogen  re- 
spectively, the  action  of  chlorine  on  the  sulphonium  and  tetra-substi- 
tuted  ammonium  iodides  has  been  examined  ;  in  each  case,  chlorine 
additive  compounds  were  formed,  which,  on  pi^eliminary  examination, 
appeared  to  belong  to  the  type  of  derivatives  sought  for,  but  no  iodine 
bases  could  be  produced  from  them. 

When  chlorine  is  passed  into  an  ice-cold  solution  of  trimethyl- 
sulphonium  iodide  in  glacial  acetic  acid  containing  about  8  per  cent. 
of  carbon  tetrachloride,  a  momentary  liberation  of  iodine  takes  place, 
quickly  followed  by  the  separation  of  a  bright  chrome-yellow  tetra- 
c/i^oro-derivative.  This  substance,  which  has  the  composition 
C_jHyCl4lk3,  is  produced  in  accordance  with  the  equation 

(CH3)3SI  +  2C1,  =  (0113)3801,1013. 
This,  it  might  be    expected,   would  involve  the  liberation  of  all  the 
iodine   before   the   trichloride  and   the   subsequent   addition  compound 


1630         WERNER:    DERIVATIVES    OF    POLYVALENT   IODINE. 

would  be  formed  ;  such,  however,  is  apparently  not  the  case  ;  the 
latter,  when  once  formed,  is  produced  almost  as  rapidly  as  the  iodine 
is  liberated,  with  the  result  that  when  the  reaction  is  well  in  progress 
the  proportion  of  free  iodine  in  the  liquid  at  any  time  is  always  com- 
paratively small. 

In  the  case  of  the  tetra-substituted  ammonium  iodides,  the  reactions 
take  place  just  as  readily  with  formation  of  addition  compounds  of 
the  same  type,  and  in  some  instances  the  products  are  almost  as  easily 
formed  from  these  iodides,  using  an  aqueous  solution. 

The  following  com2)ounds,  the  properties  of  which  are  described  in 
the  experimental  part  of  the  paper,  have  been  prepared  and  partially 
studied:  (CH3)3SCl,ICl3,  (C2H5)3SCl,ICl3,  C2H^(C3H7)3NCl,ICl3, 
C,H5(CH3)2C2H5,NCl,ICl3,  Q.^^^,Q^^^Q\,10]^. 

These  compounds  are  quite  stable  at  the  ordinary  temperature; 
when  heated,  chlorine  is  gradually  evolved  until  two  atomic  propor- 
tions have  been  given  off,  when  the  much  more  stable  iodochlorides 
remain,  such  as  (CH3)3SC1,IC1  (m.  p.  103°),  C2H5(C3H7)3NC1,ICI 
(m.  p.  94°),  and  CsHgN.CgHg.ICl  (m.  p.  35°) ;  these  can  be  obtained 
in  golden-)  ellow  or  orange  crystals  from  solutions  in  alcohol,  glacial 
acetic  acid,  or  hydrochloric  acid.  They  are  particularly  stable  in  presence 
of  the  last  solvent ;  the  compound  03115(0311^)31^ CI, ICl,  when  heated 
to  160°  with  a  10  per  cent,  hydrochloric  acid  solution,  crystallises,  on 
cooling,  unchanged  ;  in  the  dry  state  the  substance  does  not  decompose 
until  heated  to  185°. 

Tliese  compounds  are  also  formed  when  the  original  chlorine 
derivatives  are  triturated  carefully  with  a  solution  of  sodium  hydr- 
oxide in  accordance  with  the  equation,  for  instance  : 

02H5(03H.)sNCl,IC]3  +  2NaOH  = 

C2H5(C3F7)3NO],I01  +  NaOl  +  NaOlO  +  HgO  ; 

excess  of  alkali  effects  further  decomposition  with  removal  of  both 
iodine  and  chlorine,  the  former  chiefly  as  iodate,  but  its  action  has  not 
been  fully  investigated  up  to  the  present. 

A  third  method  by  which  these  iodochlorides  may  be  prepared 
consists  in  acting  directly  on  the  sulphonium  or  substituted  ammonium 
chlorides  with  a  solution  of  Schlitzenberger's  compound,  101,1101 ;  in 
this  way  the  following  compounds  were  prepared  :  (03H^,)3HN01,I01 
(m.  p.  42°),  (C3H.)2H2N01,I01  (m.  p.  45°),  (0H3),NC1,I01  (m.  p. 
217°),  (02H5)^N01,I01  (m.  p.  98°),  Cj,H5N,H01,I01  (m.  p.  175°), 
(02115)3801,101,  a  viscid,  orange-red  liquid. 

E.  Ostermeyer  {Cliem.  Centr.,  1884,  15,  937),  by  the  action  of 
Schlitzenberger's  compound  on  quinoline  and  on  pyridine,  has  already 
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obtained  derivatives  of  this  kind,  the  composition  of  which  he  re- 
presents by  the  formuL-e  CgH^NJC^HCl  (m.  p.  118°)  and 

CjHglSrjCl.HCl 

(m.  p,  178°),  that  is,  as  hydrochlorides  of  the  bases  CgHi^N.ICl  and 
C5H-N,1CI  respectively. 

Whether  these  two  classes  of  compounds  here  described  and  i-e- 
presented  by  the  types  C5H5N,C,H5C1,IC1,  and  C5H5N,CoH5Cl,lCl  are 
to  be  regarded  as  derivatives  of  polyvalent  iodine  is  open  to  question. 
If  one  is  to  judge  from  the  conclusions  arrived  at,  as  a  result  of  the 
investigations  during  recent  years,  on  the  constitution  of  complex 
compounds,  there  appears  to  be  a  tendency  to  put  aside  the  old  notion 
of  molecular  compounds  and  to  explain  the  constitution  of  most 
of  these  substances  by  attributing  an  increased  valency  to  one  or 
other  of  the  elements  concerned ;  this  is  particularly  the  case  in  con- 
nection with  the  evidence  which  is  brought  forward  in  support  of  the 
basic  properties  of  oxygen. 

Considering  their  methods  of  formation  and  the  properties  of  these 
compounds,  and  particularly  the  ease  with  which  the  iodine  is  removed 
by  treatment  with  caustic  alkali,  I  am  inclined  to  regard  them  simply  as 
molecular  compounds  containing  iodine  trichloride  and  iodine  mono- 
chloride  respectively,  in  union  with  the  different  basic  chlorides.  On 
the  other  hand,  it  may  be  urged  that,  whilst  they  are  quite  distinct 
from  the  iodoso-chlorides  derived  from  benzene  and  its  allied  ring 
compounds,  they  are,  nevertheless,  derivatives  of  polyvalent  iodine  in 
which  the  combining  power  of  that  element  is  greatly  weakened  by 
the  particular  conditions  of  constitution,  such  as,  for  instance,  the 
predominance  of  negative  elements  in  the  immediate  surrounding  of 
the  iodine  atom. 

If  Schlitzenberger's  compound,  IC],HC1  *  {ComjH.  rend.,  1877,  84, 
389),  be  considered  as  a  derivative  of  tervalent  iodine,  then  its 
constitution  may  obviously  be  written  thus  : 


HI<^ 


in  which  case  the  second  class  of  iodochlorides  might  be  considered  to 

*  This  componiu],  wliich  is  fjuite  as  stable  as  iodiuotiichloiide,  may  bo  con- 
veniently obtained  in  solntion  as  follows :  50  grams  of  sodium  nitrite  dissolved  in 
120  CO.  of  water  are  slowly  added  to  50  j;rams  of  potassium  iodide  dissolved  in  200 
c.c.  of  strong  hydrochloric  acid  ;  the  liquid  is  boiled  under  a  rellux  condenser  until 
all  brown  fumes  cease  to  be  evolved  (Ostermeyer,  loc.  cit.).  Ether  extracts  the 
compound  from  this  solution  and,  on  evaporation,  leaves  it  as  an  orange-red  liquid 
which  is  quite  staldc  at  the  ordinary  temperature  if  protected  fnnn  the  light, 
VOL.    LXXXIX.  5    P 
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be  derived  from  tliis  substance  by  the  substitution  of  hydrogen   by 
positive  sulphur  or  nitrogen  i-adicles,  such  as 

(C,H,)3S-I<^}     and     (C,H,),N.I<g|. 

Much  evidence  is  necessary,  however,  before  such  a  view  of  the 
constitution  of  these  compounds  can  be  definitely  put  forward,  and  in 
the  absence  of  further  evidence  I  prefer  to  consider  these  derivatives 
simply  as  molecular  compounds  of  the  types  already  mentioned. 

Experimental. 

Action  of  Chlorivie  on  'p-Iodoacetophenone. 

When  chlorine  is  passed  into  a  cold  10  per  cent,  chloroform  solution 
of  this  substance,  there  is  no  separation  of  iodine,  and  the  dichloride  is 
soon  obtained  in  very  pale  yellow,  microscopic  needles  which  melt  at 
90 — 91°.  These  were  washed  with  chloroform  and  dried  by  pressui-e 
between  bibulous  paper  and  exposure  to  the  air  until  the  odour  of 
chloroform  had  disappeared.  The  yield  was  85  per  cent,  of  the 
theoretical. 

Analysis  gave  CI  =  21  "63. 

CgHi^OClgl  requires  01  =  22-39  per  cent. 

Unlike  most  iodochlorides,  this  compound  on  heating  only  suffers 
partial  loss  of  chlorine,  with  formation  of  probably  a  new  substituted 
derivative. 

The  following  observations  were  made  in  an  experiment  performed 
with  2  grams  of  the  dry  substance. 

At  58°  slight  evolution  of  chlorine  commenced,  at  90 — 91°  fusion 
set  in,  quickly  followed  by  a  sudden,  brisk  effervescence  at  98°, 
chlorine  and  some  hydrogen  chloride  being  evolved ;  the  temperature 
was  raised  to  1 25°  without  any  further  evolution  of  gas.  The  residue, 
when  crystallised  from  benzene,  melted  at  116 — 117°,  the  melting 
point  of  jo-iodoacetophenone  being  84°.  (Kliugel,  who  first  prepared 
this  compound,  gives  its  melting  point  as  78°.) 

When  the  iodochloride  from  o-iodonitrobenzene  was  heated,  evolu- 
tion of  chlorine  commenced  at  the  outset  (16°)  and  continued  slowly 
up  to  96°,  at  which  temperature  the  substance  melts  with  rapid 
evolution  of  chlorine. 

In  an  experiment  using  2  grams,  CI  evolved  =  21  "75. 
CgH^OgNClgl  requires  CI  =  22-18  per  cent. 

Crystallised  from  chloroform,  the  residue  melted  at  49°,  which  is  the 
noelting  point  of  o-iodonitrobenzene.    In  this  case,  therefore,  the  action 


WERNER:    DERIVATIVES   OF    POLYVALENT    IODINE.         1683 

of  heat  is  simply  to  expel  the  chloi'ine,  and  this  appears  to  be  the 
general  result  observed  so  far  by  Willgerodt  with  the  various  iodo- 
chlorides  which  he  has  prepai"ed. 

\>-Iodosoacetophenone,  CHgCO'CgH^'IO,  is  a  white  powder  melting  at 
101 — 102°,  having  a  very  pleasant  odour  and  easily  prepared  by  the 
action  of  sodium  hydroxide  solution  on  the  iodochloride. 

0-248  gave  0-1194  iodine.     1  =  48-14. 

CgHK02l  requires  I  =  48-47  per  cent. 

Its  basic  power  is  very  feeble,  due  to  the  presence  of  the  acetyl 
group. 

Action  of  Chlorine  on  i^-Iodoacetanilide. 

When  chlorine  is  passed  into  a  5  per  cent,  cold  chloroform  solution 
of  this  substance,  no  iodine  is  set  free,  and  the  acetanilide-ip-iodo- 
dichloride  quickly  separates  as  a  pale  orange-yellow,  microcrystalline 
powder.  The  yield  is  nearly  theoretical,  as  the  compound  is  almost 
insoluble  in  chloroform. 

Analysis  gave  CI  =  21 -23. 

CsHsONClgl  requires  01  =  21-38  per  cent. 

The  following  points  have  been  observed  in  the  action  of  heat  on 
this  iodochlox'ide,  using  2  grams  of  the  substance.  At  95°  evolution 
of  chlorine  commenced,  at  112°  there  was  sudden  copious  evolution  of 
chlorine  and  partial  fusion ;  as  the  heating  was  continued  the  liquid 
became  dark  orange-red,  and  there  was  no  further  evolution  of 
chlorine  up  to  130°,  when  the  heating  was  stopped.  From  the 
nlcoholic  solution  of  the  residue,  two  distinct  sets  of  crystals  were 
obtained  :  (a)  stout,  lustrous  prisms  melting  at  144°,  and  (b)  thin, 
feathery  crystals  melting  at  117°;  the  original  iodoacetanilide  melts  at 
183°.  In  this  case  again  the  action  of  heat  on  the  iodochloride  has 
not  followed  the  usual  lines,  some  substitution  products  evidently 
being  formed. 

The  iof^oso-derivative,  CHg'CO'NH'CY.Hj'IO,  was  prepared  by  acting 
on  the  chloride  with  sodium  hydroxide  ;  it  is  a  buff  powder  having  a 
strong  odour  resembling  that  of  iodoform,  and  easily  yields  a  crystalline 
acetate. 

Action  of  Chlorine  on  Di-iododiphenyl. 

The  di-iododiphenyl  (m.  p.  169°)  was  prepared  from  benzidine  by  the 
aid  of  the  diazo-reaction  in  the  usual  way  ;  it  was  obtained  in  yellowish- 
brown  scales  from  chloroform  solution. 

When  chlorine  was  passed  into  a  10  per  cent,  chloroform   solution, 

5    V  2 
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cooled    to   0°,    no    iodine  was   liberated,    and    the   di-iodoletrachloride 
separated  as  a  reddish-brown  powder. 

Analysis  gave  CI  =  25'62. 

Q-^^^Q\^^  requires  01  =  25-91  per  cent. 

The  compound  is  unstable,  and  both  chloi^ne  and  hydrogen  chloride 
are  slowly  evolved  on  standing. 

The  iofZoso-derivative  melting  at  127°  was  obtained  as  a  chocolate- 
brown  powder  by  the  action  of  sodium  hydroxide  on  the  freshly- 
prepared  iodochloride ;  the  compound  itself  was  not  analysed,  but  the 
acetate  was  prepared  by  dissolving  the  oxide  in  hot  glacial  acetic  acid 
and  evaporating  to  dryness.  It  was  purified  by  crystallisation  from 
hot  benzene,  from  which  it  separates  in  almost  colourless,  minute 
crystals  melting  at  203°. 

0-182  gave  0-138  Agl.     I  =  40-09. 

CgoHooOgl^  requires  I  =  39-56  per  cent. 

This  tetra-acetate  decomposes  with  explosive  violence  when  heated 
I'apidly  above  its  melting  point. 

1  have  not  further  examined  any  of  these  benzene  derivatives,  my 
immediate  object  being  to  ascertain  whether  these  iodo-derivatives 
were  capable  or  not  of  forming  additive  compounds  with  chlorine.  As 
regards  the  action  of  heat  on  the  iodochlorides,  I  hope  to  examine 
this  change  more  fully  in  the  near  future. 

CI!  CI 

Action  of  Chlorine  on  Tetraiodopyrrole,    i    .      ^NH. 

CI .  CI 

When  chlorine  is  passed  into  a  cold  saturated  solution  of  iodo- 
pyrrole  in  chloroform  (this  solution  does  not  contain  more  than  3  per 
cent,  of  the  iodo-compound)  there  is  no  separation  of  iodine ;  the  liquid 
assumes  a  transitory  red  colour  which  quickly  changes  to  golden- 
yellow.  The  addition  compound  remains  in  solution,  but  may  be 
precipitated  to  some  extent  as  a  bright  yellow  powder  by  adding  a 
large  volume  of  light  petroleum  ;  the  yield,  however,  is  very  small. 

The  following  method  of  preparation  has  been  found  most  suitable 
up  to  the  present,  although  the  yield  is  still  poor. 

Chlorine  is  rapidly  passed  into  a  saturated  solution  of  the  iodo- 
pyrrole  in  glacial  acetic  acid  heated  to  about  25° ;  when  the  chlorine  is 
in  excess  the  liquid  is  poured  into  about  ten  times  its  volume  of  ice- 
cold  water,  the  addition  compound  is  precipitated  and  qviickly  separated 
by  the  aid  of  the  pump.  After  washing  with  light  petroleum  it  is 
dried  by  pressure  and  exposure  to  dry  air. 

The  freshly-prepared  compound  gave,  on  analysis,  Cl  =  19-48. 
C4HNCI4I4  requires  CI  =  19-90  per  cent. 
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The  compound  slowly  evolves  chlorine  on  exposure  to  the  air,  until 
one  atomic  proportion  has  been  lost  (no  evolution  of  hydrochloric  acid 
was  detected)  as  shown  by  the  following  results  :  a  specimen  which  had 
remained  in  an  open*  bottle  for  five  weeks  gave  Cl=15'52. 

The  same  specimen  after  three  months  gave  Cl  =  15*44. 
C^HNClgl^  requires  Cl  =  15'47  per  cent. 

This  substance  melts  at  158 — 159°,  without  evolution  of  chlorine,  to 
an  orange-red  liquid,  and  decomposes  at  185°  with  evolution  of  iodine 
vapour. 

When  treated  with  sodium  hydroxide,  the  compound  changes  from  a 
bright  to  a  pale  yellow  colour,  excess  of  alkali  produces  a  solution 
which  becomes  deep  purple-red  after  a  few  minutes ;  these  changes  have 
not  yet  been  investigated  beyond  the  recognition  of  the  fact  that  the 
chlorine  is  removed  by  the  alkali  as  chloride  and  hypochlorite,  whilst 
the  iodine  remains  united  to  the  pyrrole  nucleus. 

Action  of  Chlorine  on  Trimethylsulphonium  Iodide. 

This  compound  is  insoluble  in  chloroform,  and  very  sparingly  soluble 
in  glacial  acetic  acid  ;  a  solution  in  acetic  acid  containing  10  per  cent. 
of  water  was  used.  The  experiment  is  best  carried  out  by  allowing 
the  solution  of  the  sulphonium  iodide  to  drop  continually  into  a  vessel 
through  which  a  current  of  chlorine  gas  is  being  passed,  the  vessel  being 
kept  in  agitation  during  the  progress  of  the  reaction. 

As  the  solution  meets  the  chlorine  a  momentary  liberation  of  iodine 
takes  place,  followed  almost  immediately  by  the  separation  of  the  new 
comj)Oxmd  as  a  bright  yellow  precipitate,  which  is  easily  purified  from 
excess  of  chlorine  by  washing  with  chloroform  in  which  it  is  quite 
insoluble.  The  superficial  examination  of  the  substance  reveals  a  con- 
siderable resemblance  to  the  iodochlorides ;  for  example,  on  heating, 
chlorine  is  evolved,  and  on  addition  of  sodium  hydroxide  the  compound 
changes  at  first  from  a  bright  to  a  pale  yellow,  the  chlorine  being 
partly  removed  as  chloride  and  hypochlorite.  The  further  addition  of 
alkali,  however,  effects  a  complete  solution  with  removal  of  the  iodine 
as  iodide  and  iodate,  in  which  respect  the  substance  differs  entirely 
from  the  iodochloi-ides  prepared  from  benzene  derivatives. 

The  analyses  of  the  compound  show  that  its  composition  is  to  be 
represented  by  the  formula  (0113)3801,1013. 

*  It  is  well  known  that  the  iodochlorides  keep  niuch  better  when  freely  cx}iosed 
to  the  air  ;  for  instance,  the  compound  Cfillr/ICl^  may  be  kept  for  months  practic- 
ally unchanf,'cd  in  an  open  dish,  whilst,  if  placed  in  a  closed  bottle,  it  will  undergo 
almost  complete  decomposition  in  about  a  fortnight  or  three  weeks  ;  I  have  noticed 
this  also  in  the  case  of  several  other  iodochlorides. 
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The  following  method  was  found  to  be  the  most  convenient  and 
accurate  for  the  rapid  estimation  of  the  iodine  in  this  and  all  the  suc- 
ceeding compounds. 

The  substance  is  dissolved  in  a  slight  excess  of  sodium  hydroxide 
solution  by  gently  warming,  the  cold  solution  is  rendered  faintly  acid 
by  addition  of  dilute  sulphuric  acid,  and  sulphurous  acid  is  added 
drop  by  drop  until  the  iodine  at  first  liberated  is  just  redissolved. 
The  liquid,  contained  in  a  WUrtz  distillation  flask,  is  treated  with  an 
excess  of  neutral  ferric  sulphate  solution,  the  liberated  iodine  is  then 
distilled  into  a  solution  of  potassium  iodide  and  estimated  in  the  usual 
way. 

0-5128  gave  0-1895  iodine.     1-36-95. 

C3H9CI4IS  requires  1  =  36-70  per  cent. 

When  heated,  this  compound  gradually  evolves  chlorine,  the  evolution 
being  very  rapid  at  80°,  and  continuing  up  to  155°,  when  the  substance 
melts  ;  at  1 68°  decomposition  takes  place  with  sudden  evolution  of  iodine 
vapours,  accompanied  by  a  strong  odour  of  methyl  sulphide. 

When  carefully  treated  with  two  molecular  proportions  of  sodium 
hydroxide,  two  atoms  of  chlorine  are  removed  and  the  stable  conqjound, 
(0H3)3SC1,IC1  (m.  p.  103°),  is  formed. 

0-25  gave  0-1158  of  iodine.     1  =  46-32. 

C3H(,Cl2lS  requires  1  =  46-18  per  cent. 

The  constitution  of  this  substance  is  proved  by  the  fact  that  it  is 
most  readily  prepared  by  simply  adding  a  solution  of  Schiitzenberger's 
compound  to  one  of  trimethylsulphonium  chloride ;  it  crystallises  from 
the  hot  solution  on  cooling  in  brilliant,  slender,  golden-yellow  plates 
having  a  satiny  lustre ;  its  identity  with  the  above  was  proved  by 
analysis  and  melting  point. 

The  corresponding  ethijl  compound,  (0,2115)3801,101,  is  a  viscid,  orange 
liquid. 

Action  of  Chlorine  on  Pyridine  Ethyl  Iodide,  05H5N,02H5l. 

This  compound,  originally  prepared  by  Anderson  [Annalen,  1855, 
94,  364),  forms  large  prisms  melting  at  236°  (not  hitherto  recorded). 

When  chlorine  is  allowed  to  act  on  a  solution  of  this  substance  in  a 
mixture  *  of  glacial  acetic  acid  and  carbon  tetrachloi-ide,  employing  the 
same  method  of  procedure  as  in  the  case  of  the  sulphonium  compound, 
there  is  momentary  liberation  of  iodine,  immediately  followed  by  the 
separation  of  the  addition  compound.  This  is  a  bright  canary-yellow, 
microcrystalline  powder. 

*  This  solution  is  more  stable  than  when  acetic  acid  alone  is  used. 
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0-2047  gave  0-0685  iodine.     I  =  33-46. 

CyHj^NCl^I  requires  1  =  33-68  per  cent. 

On  heating,  chlorine  is  given  off  at  50°,   and  continues   regularly 
up  to   130 — 150°,  when   the    evolution   of  gas  ceases,   until  at   195^ 
decomposition  sets  in  again  with  further   evolution  of  chlorine  and  • 
iodine  vapours. 

The  first  stage  of  the  decomposition  corresponds  to  a  loss  of  one 
molecular  proportion  of  chlorine  in  accordance  with  the  equation 

g,b:,-n,c,ii,gi,ig\, = c,h,n,C2H5C1,ici  +  ci,. 

The  chlorine  evolved  in  two  experiments  was  17*97  and  18-46,  the 
equation  i-equiriug  a  loss  of  01  =  18-83  per  cent. 

The  residue  crystallised  froqj  alcohol  in  long,  orange-yellow,  acicular 
prisms  melting  at  35°. 

0-6295  gave  0-26035  iodine.     I  =  41-35. 

0  9058     „     34-7  c.c.  nitrogen  at  14-6°  and  773-2  mm.     N  =  4-57. 
C,HjoNC]2l  requires  1  =  41-50;  ]Sr  =  4-57  per  cent. 

This  compound  was  also  directly  prepared  by  the  action  of  a 
solution  of  Schiitzenberger's  compound  on  pyridine  ethyl  chloride  in 
aqueous  solution. 

Actio7i  of  Chlorine  on  Ethyltripropylammonium  Iodide. 

This  substance  was  prepared  from  ethyl  iodide  and  tripropylamine; 
it  crystallises  fiom  alcohol  in  small  prisms,  melting  at  238°  with 
decomposition.     By  the  action  of  chlorine  the  compound 

C2H5(03H7)3N01,IOl3 
is  obtained  as  a  pale  yellow  powder.  • 

0-2145  gave  0-0626  iodine.     1  =  29-13. 

CjiHagNOlJ  requires  I  =  28  80  per  cent. 

When  heated,  evolution  of  chlorine  commences  at  81°  and  continues 
slowly  up  to  105°;  between  this  temperature  and  130°  gradual  fusion 
takes  place,  whilst  the  gas  is  freely  evolved ;  no  further  evolution  of 
gas  takes  place  until  the  temperature  reaches  185°,  when  iodine 
vapours  appear.  The  first  stage  of  the  decomposition  is  here  again 
accompanied  by  the  loss  of  one  molecular  proportion  of  chlorine,  with 
production  of  the  compound  02H5(C3H7)3N01,IC1. 

5-0  lost  0-79  chlorine.     01  =  15-8. 

CnH2^N01.j[  requires  a  loss  of  01  =  16-09  per  cent. 

The  cZic//^oro-compound  crystallises  from  alcohol  in  pale  yellow 
conglomerates  of  acicular  prisms  melting  at  94°. 
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0-1 6  gave  0  0548  iodine.     1  =  34-25. 
0-207,,     0-1636  AgCl.     Cl=  19-54. 

CiiH.^jNCl^I  requires  1  =  34-32  ;  CI  =  19-21  per  cent. 

This  compound  was  also  prepared  by  the  direct  action  of  a 
.solution  of  Schiitzenberger's  compound  on  ethyltripropylammonium 
chloride,  and  also  by  the  action  of  sodium  hydroxide  (two  molecular 
proportions)  on  the  original  chlorine  compound. 

Action  of  Chlorine  on  Phenyldimethylethjlammonium  Iodide. 

This  experiment  was  made  with  the  object  of  ascertaining  if  the 
presence  of  the  phenyl  group  in  direct  union  with  nitrogen  would 
produce  any  appreciable  change  in  the  general  nature  of  the  reaction. 

The  addition  comjjound,  C(;H5(CH3)^C2H5NCl,ICl3,  separates  from  a 
mixture  of  chloroform  and  glacial  acetic  acid  as  a  bright  orange 
powder. 

0-5  gave  0-1537  iodine.     I  =  30-73. 

C^qHj^NCI^I  requires  I  =  30'31  per  cent. 

On  heating,  the  substance  gradually  fuses  between  90°  and  110° 
with  evolution  of  chlorine. 

It  may  be  concluded,  as  a  result  of  the  foregoing  experiments,  that 
when  chlorine  acts  on  the  sulphonium  and  substituted  ammonium 
iodides,  compounds  of  the  general  type  KCljIClg  are  produced,  and, 
further,  that  the  tendency  towards  the  formation  of  these  substances  is 
so  strong  that  iodine  trichloride  is  formed  almost  as  rapidly  as  the 
iodine  is  liberated. 

It  is  worthy  of  note  that  these  compounds  may  also  be  prepared 
even  in  aqueous  solution ;  this  is  interesting  considering  that  iodine 
trichloride  is  so  readily  decomposed  by  water.  This  fact  might  be 
used  as  an  argument  in  favour  of  the  view  that  they  are  derivatives 
of  quinquevalent  iodine  rather  than  molecular  compounds. 

The  compounds  of  the  general  type  R01,IC1  are  only  stable  in 
aqueous  solution  when  hydrochloric  acid  is  present. 

The  following  comjwunds,  in  addition  to  those  already  described, 
were  prepared  in  order  to  prove  that  their  existence  is  general : 

(0H3)4NC1,IC1,  yellow  crystals,  melting  at  217°. 

0-25  gave  0-1164  iodine.     1  =  46-56. 

C^Hjg^CJlgl  requires  1  =  46-69  per  cent. 

(C2H5)4NC1,I01,  lustrous,  golden-yellow  plates  melting  at  98°. 

0-25  gave  0-0965  iodine.     I  =  38-60. 

C^HgQNClgl  requires  1  =  38-71  per  cent. 
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(C3H7)2H2NCI,IC1  separates  as  an  orange-red  liquid,  which  slowly 
forms  deliquescent  crystals  melting  at  45°. 

0-25  gave  0-1066  iodine.     1  =  42-64. 

CgHjgNClgl  requires  1  =  42-33  per  cent. 

(C3H7)3HNC1,I01,  deliquescent,  pale  orange  crystals  melting  at  42°. 

0-4  gave  0-1479  iodine.     I  =  36-98. 

CfjHjgNClol  requires  1  =  37-13  per  cent. 

(C7Hy)H3NCl,ICl,  brilliant,  golden-yellow,  slender  prisms  melting  at 
110° 

0-25  gave  0-10414  iodine.     I  =  41-65. 

CyHjQNClal  requires  1  =  41-57  per  cent. 

Thus  primary,  secondary,  and  tertiary  amines  form  compounds  just 
as  readily  as  the  quaternary  bases. 

These  substances  are  precipitated  when  a  solution  of  Schiitzenberger's 
compound  is  added  to  the  aqueous  solution  of  the  hydrochloride  of  the 
base. 

From  an  aqueous  solution  of  hexamethylenetetramine  in  presence  of 
hydrochloric  acid,  the  comj)Ound  (CIl2)g]S'^(ICl)o  is  precipitated  as  a 
pale  sulphur-yellow,  amorphous  powder  melting  at  161 — 162°  with 
evolution  of  iodine. 

0-25  gave  0-1 347  iodine.     I  =  53-8. 

CgHj2N^CIl2l2  requires  1  =  54-15  per  cent. 

In  conclusion  I  desire  to  express  my  thanks  to  my  friend 
Mr.  William  Caldwell,  M.A.,  for  his  valuable  assistance  in  connection 
with  both  the  experimental  and  analytical  work  recorded  in  this 
paper. 

University  Chemical  Laboratory,  , 

Trinity  College, 
Dublin. 
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CLXV. —  Experijiients  on  the  Synthesis  of  the  Terpenes. 
Part  IX.  The  Preparation  of  Gyc\oPenta7ione-4:- 
carhoxylic  Acid  and  of  cycloHexanone--i-carhoxylic 
Acid  (S-Ketohexahydrohenzoic  Acid). 

By  Francis  William  Kay  and  William  Henry  Pbrkin,  jun. 

In  a  previous  communication  (Trans.,  1904,  85,  418)  ib  was  shown 
that  8-ketohexahydrol)enzoic  acid  (cyc^ohexanone-4-carboxylic  acid) 
is  formed  when  pentane-aye-tricarboxylic  acid  is  digested  with 
acetic  anhydride  and  then    distilled  : 

This  method  of  prepai-ation  is  very  laborious,  because  the  decomposi- 
tion cannot  conveniently  be  carried  out  with  more  than  10  grams  of 
the  tricarboxylic  acid  at  a  time  and  because  the  yield  of  keto-acid 
obtained  is,  at  the  most,  30  per  cent,  of  the  theoretical. 

Several  months,  indeed,  had  to  be  spent  in  the  preparation  of  the 
quantity  of  8-ketohexahydrobenzoic  acid  (about  300  grams)  which  was 
required  in  order  to  carry  out  the  experiments  on  the  synthesis  of 
terpineol,  dipentene,  &c.  (Trans.,  1904,  85,  656).  While  these  experi- 
ments were  in  progress,  many  attempts  were  made  to  obtain  the 
coi responding  cyclo/?ere<rt?iOrte-4-car6oa;?/Zic  acid  from  butane-a/3S-tricarb- 
oxylic  acid  by  a  similar  series  of  reactions  : 

These  were  all  unsuccessful,  since  the  tricarboxylic  acid  did  not  yield 
more  than  traces  of  a  keto-acid  when  it  was  heated  alone  or  when  it 
was  digested  with  acetic  anhydride  and  then  distilled. 

The  reason  for  this  difference  in  behaviour  is  difficult  to  understand, 
especially  in  view  of  the  fact  that  homocamphoronic  acid  (which  is  a 
trimethyi-substitution  px'oduct  of  butane-a^SS-tricarboxylic  acid)  is  con- 
verted into  camphononic  acid  when  it  is  slowly  distilled  : 


nn  XT  nTVT  ^CMe./COoH 


CHg'CIIg'COgH 


CO,H-CMe<^^j^^iV^^  +  CO,  +  H,0 


(Lapworth  and  Chapman,  Trans.,  1900,  77,  464). 
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As,  however,  cyc^opentanone-4-cai'boxylic  acid  was  essential  as  a 
starting  point  for  farther  synthetical  experiments  in  the  camphor  and 
terpene  series,  we  investigated  many  other  methods  which  appeared 
likely  to  lead  to  a  method  of  preparation  and  were  ultimately  success- 
ful. Dieckmann  {Ber.,  1894,  27,  102,  965)  had  shown  that  ethyl 
adipate  readily  undergoes  intramolecular  condensation  when  it  is  heated 
with  sodium  with  formation  of  ethyl  c?/c^opentanone-2-carboxylate  : 


eiT/CK,.CO,Et  CH,-CO 

-\CH./CH,-C0.2Et  ^-^CH/CH-CO.Et 


Since  ethyl  butane-aySS-tricarboxylate  is  a  substitution  derivative  of 
ethyl  adipate,  it  seemed  possible  that  a  similar  condensation  would 
take  place  if  it  were  treated  with  sodium  under  similar  conditions  ; 

This  was  found  to  be  the  case,  and  the  resulting  ethyl  cyclopentanone- 
2  :  ^-dicarhoxylate,  which  we  have  prepared  by  this  method  in  large 
quantities,  is  readily  decomposed  by  boiling  with  dilute  sulphuric  acid, 
with  elimination  of  carbon  dioxide  and  alcohol  and  formation  of  cyclo- 
peyitanone-i-carboxylic  acid : 

CO,Et-CH<^"^2*9^  +2HoO    = 

riTT  .Of) 

C02H-CH<^jj2,^jj  +CO,  +  2EtOH. 

This  interesting  acid  melts  at  65°  and  shows  all  the  properties  of  a 
keto-acid.  It  yields  an  oxime  and  a  semicarbazone  and  is  readily 
reduced  by  sodium  amalgam,  but  the  detailed  description  of  its  other 
properties  must  be  reserved  for  a  future  communication. 

It  is  hoped  that  this  acid  may  serve  as  a  convenient  starting  point  for  a 
now  series  of  synthetical  experiments  in  the  camphor  and  terpene  series. 

The  method,  which  has  so  far  been  the  only  one  available  for  the  pre- 
paration of  8-ketohexahydrobenzoic  acid,  is,  as  has  already  been  men- 
tioned, exceedingly  laborious,  and  the  above  experiments  suggested  that 
this  important  acid  might  possibly  be  more  readily  prepared  by  employ- 
ing a  process  similar  to  that  which  had  proved  so  successful  in  the  case 
of  c>/c^opentanone-4-carboxylic  acid. 

We  therefore  investigated  the  action  of  sodium  on  ethyl  pentane- 
aye-tricarboxylateand  found  that  the  decomposition  proceeded  normally 
and  with  the  formation  of  ethyl  cjclohexanone-2  :  i-dicarboxylate  : 


no  iH't.rTT<^C!H2-CH2-CO,Et 


CO.,Et.CH<gH..^-^^^^^^^^|>CO. 
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When  this  ester  is  digested  with  dilute  sulphuric  acid,  it  is  readily 
decomposed  with  formation  of  S-ketohexahydrobenzoic  acid, 

CO,Et-CH<gj^^^— --^^2>cO  +  2H,0  = 

C02H-CH<^g2;CH2^^Q  ^  ^^^  ^  2EtOH. 

This  new  method  of  preparation,  although  still  laborious,  is  more 
rapidly  carried  out,  and  gives  a  much  better  yield  than  that  described 
at  the  commencement  of  this  paper. 

EXPEEIMENTAL, 

Butane-a(iUricarhoxylic  A cid,  C02H-CH2-CH(C02H)'CH2-CH2-C02H. 

This  acid  was  first  prepared  in  small  quantities  by  Auwers,  Kbbner. 
and  Meyenburg  [Ber.,  1891,  24,  2895)  by  condensing  ethyl  itaconate 
with  the  sodium  derivative  of  ethyl  malonate,  and  the  subsequent 
hydrolysis  of  the  ethyl  butane-a/88S-tetracarboxylate  thus  produced  : 

C02EfCH2-C(C02Et):CH2  +  CH2(C02Et)2  —^ 

C02Et-CH2-CH(C02Et)-CH2-OH(C02Et)2— > 

C02H-CH2-CH(C02H)-CH2-CH2-C02H. 

It  was  subsequently  obtained  by  Guthzeit  and  Engelmann  (/,  pr. 
Chem.,  1902,  6Q,  104  ;  compare  Emery,  Ber.,  1891,  24,  282),  who 
prepared  it  from  ethyl  malonate  by  the  following  series  of  reactions  : 

(0O.,Et)oCHNa  +  I-CHg-CH^-COaEt  = 

(C02Et)2CH-CH2-CH2-C02Et -h  NaT, 

C02Et-CH2Br  +  CNa(C02Et)2-CH2-CH2-C02Et  = 

C02Ef  CH2-C(C02Et)2-CH2-CH2-C02Et  +  NaBr. 

The  ethyl  butane-aySySS-tetracarboxylate  thus  produced  yielded 
butane-a;8S-tx'icarboxylic  acid  when  it  was  digested  with  dilute  hydro- 
chloric acid.  In  order  that  the  experiments  described  in  this  paper 
could  be  carried  out,  it  was  necessary  to  employ  large  quantities  of 
this  butanetricarboxylic  acid,  and  we  therefore  instituted  a  series  of 
comparative  experiments  with  the  object  of  discovering  the  most  satis- 
factory method  of  preparation.  We  found  that  the  process  described 
by  Guthzeit  and  Engelmann  {loc.  cit.)  gave  the  best  results,  with,  how- 
ever, the  important  modification  that  the  sodium  derivative  of  ethyl 
malonate  is  first  treated  with  ethyl  bromoacetate  and  then  with  ethyl 
/J-iodopropionate.  When  ethyl  )8-iodopropionate  reacts  with  the  sodium 
derivative  of  ethyl  malonate,  there  is  much  loss   of  valuable  iodo-ester 
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owing  to  elimination  of  hydrogen  iodide  and  formation  of  ethyl  acryl- 
ate.  If,  however,  ethyl  ethanetricarboxylate,  CO.jEt'CIl2*CH(CO,,Et)2, 
is  first  prepai'ed  and  the  sodium  derivative  of  this  ester  treated  with 
ethyl  )8-iodopropionate,  elimination  of  hydrogen  iodide  from  the  latter 
takes  place  only  to  a  slight  extent.  The  details  of  the  preparation  are 
as  follows. 

Sodium  (23  grams)  is  dissolved  in  absolute  alcohol  (350  c.c),  and, 
after  cooling,  mixed  with  ethyl  malonate  (160  gi^ams)  and  ethyl 
bromoacetate  (160  grams),*  the  vigorous  reaction  being  controlled  by 
cooling  in  running  water.  After  isolating  in  the  usual  way,  the  ethyl 
ethanetricarboxylate,  (C02Et2)2CH*CH2'C02Et,  is  separated  from  the 
ethyl  propanetetracarboxylate,  (C02Et)2CI(CH2*C02Et)2,  which  is 
always  produced,  by  repeated  fractionation  under  reduced  pressure. 
The  average  yield  of  ethyl  ethanetricarboxylate  distilling  at  160 — 170° 
(15  mm.)  was  about  140 — 150  grams.  This  ester  (246  grams)  is  now 
mixed  with  a  well-cooled  solution  of  sodium  (23  grams)  in  alcohol 
(350  c.c),  and  then  ethyl /5-iodopropionate  (228  grams)  gradually  added, 
care  being  taken  that  the  temperature  does  not  rise  above  35°,  other- 
wise some  of  the  iodo-ester  will  be  decomposed  with  formation  of 
acrylic  ester.  After  remaining  for  twenty-four  hours,  the  product 
is  heated  on  the  water-bath  for  half  an  hour,  mixed  with  water,  and 
extracted  with  ether.  The  ethereal  solution  is  well  washed  with  water, 
dried  over  calcium  chloride,  evaporated,  and  the  ethyl  butane- 
a/?/S8-tetracarboxylate  purified  by  fractionation  under  reduced  pressure, 
when  almost  the  whole  quantity  distils  at  200 — 203°  (12  mm.),  the 
yield  being  about  85  per  cent,  of  that  theoretically  possible. 

0-1562  gave  03171  CO2  and  0-1056  H.O.     C  =  55-3  ;  H  =  7-5. 
CjflHggOg  requires  C  =  55"5  ;  H  =  7"5  per  cent. 

Hydrolysis. — When  ethyl  butane-a/3)8S-tetracarboxylate  is  digested 
with  hydrochloric  acid  it  is  directly  converted,  by  hydi-olysis  and 
elimination  of  carbon  dioxide,  into  butane-a^8  tricarboxylic  acid.  The 
ester  (150  grams)  is  mixed  with  concentrated  hydrochloric  acid  (300 
c.c),  and  heated  to  boiling  in  a  lai'ge  flask  fitted  with  a  ground-in  tube 
in  such  a  way  that  the  alcohol  formed  by  hydrolysis  escapes  through 

*  The  theorotical  amount  is  167  grams,  but  the  smaller  quantity  is  employed  in 
order  to  ensure  that  no  ethyl  bromoacetate  is  left  after  the  reaction  is  complete.  If 
the  theoretical  quantity  is  used,  some  ethyl  bromoacetate  is  liable  to  remain  un- 
changed and  whun  the  product  of  the  reaction  is  worked  up,  the  presence  of  even 
traces  of  this  bromo-ester  exerts,  as  is  well  known,  a  most  painful  action  on  the 
eyes  and  skin.  Unfortunately,  if  ethyl  chloroacetate  is  employed,  the  yield  of  ethyl 
ethanetricarboxylate  is  not  much  more  than  half  that  obtained  when  the  bromo- 
ester  is  used  owing  to  the  formation  of  larger  quantities  of  ethyl  propauetetracarb- 
o-xylate,  (CO.^Et)2C:(CII./CO.,Et)2  (compare  Bischolf  and  Kuhlbcrg,  Bcr.,  1890,  23, 
634). 
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the  end  of  the  tube.  After  about  an  hoin%  most  of  the  oil  will  have 
passed  into  solution,  and  at  this  stage  the  evolution  of  carbon  dioxide 
is  sometimes  so  vigorous  that  care  has  to  be  taken  to  avoid  loss  by- 
frothing.  The  heating  is  continued  for  six  hours,  water  (150  c.c.)  is 
then  added,  and  the  liquid  boiled  for  a  further  six  hours,  and  then 
evaporated  as  far  as  possible  on  the  water-bath.  The  syrupy  residue 
gradually  crystallises  and  ultimately  becomes  almost  solid  and,  if  the 
mass  is  then  left  in  contact  with  porous  porcelain  for  a  couple  of  days, 
the  colourless  crystalline  cake  consists  of  almost  pure  butane -a^S-tri- 
carboxylic  acid.  A  small  quantity  of  the  acid  was  further  pvirilied  by 
crystallisation  froin  acetone,  from  which  it  separated  in  prisms  melting 
at  116—118°. 

0-1452  gave  0-2355  CO^  and  0-0704  HgO.     C=  44-3  ;  H  =  5-4. 
C^H^qO,,  requires  C  =  44-2  ;  H  =  5-3  per  cent. 

Ethyl  Butane-aj38-tricarboxi/late, 
COgEt  •  C  H2-  CH(CO.^Et)  •  CH./  CHg-  CO^Et. 

This  ester  is  best  prepared  from  the  crude  syrupy  tribasic  acid  (as 
obtained  by  evaporating  the  product  of  the  hydrolysis  of  ethyl  butane- 
a/3^S-tetracarboxylate  on  the  water-bath),  but  some  difficulty  was 
experienced  in  obtaining  a  good  yield  owing  to  the  fact  that,  when  the 
alcoholic  solution  of  the  acid  is  treated  with  hydrogen  chloride  in 
the  usual  manner,  a  good  deal  of  the  acid  is  only  partially  esterified. 
The  best  results  were  obtained  by  digesting  the  acid  (100  grams)  with 
alcohol  (500  c.c.)  and  sulphuric  acid  (50  c.c.)  for  two  days  on  the 
water-bath.  The  product  is  mixed  with  much  ether,  the  ethereal 
solution  washed  with  water  and  extracted  several  times  with  sodium 
carbonate,  the  sodium  carbonate  solution,  which  contains  much  partially 
esterified  acid,  is  evaporated  to  dryness  and  treated  directly  with 
alcohol  and  sulphuric  acid,  this  operation  being  repeated  until  the 
whole  of  the  tribasic  acid  has  been  converted  into  the  neutral  ester. 
The  ester  is  then  pvirified  by  fractionation  under  reduced  pressure, 
when  almost  the  whole  quantity  passes  over  at  183 — 185°  (20  mm.)  or 
at  205—206°  (60  mm.). 

0-1511  gave  0-3142  CO^  and  0-1091  H^O.     0  =  56-6;  H  =  8-0. 
^13-^22^0  I'equires  0  =  56-9;  H  =  8-0  per  cent. 
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Action  of  t^' odium  on  7'Jf/n/l  Butane-ajSS-iricarboxi/late.     Formation  of 
Ethyl  cjc\oPentanone-2  :  A:-dicarhoxylate, 

°0'^'-°H<CH::6H.OO,Ef 

In  carrying  out  this  condensation,  sodium  (23  grams)  is  melted 
under  boiling  toluene  and  shaken  vigorously  in  order  to  bring  it  into 
as  fine  a  state  of  division  as  possible.  The  toluene  is  then  poured  off, 
the  sodium  washed  into  a  2-litre  flask  with  dry  benzene,  ethyl 
butane-a;S8-tricarboxylate  (137  grams)  diluted  with  twice  its  volume  of 
benzene  is  added,  and  after  attaching  a  long  reflux  condenser  the 
whole  is  gradually  heated  on  the  water-bath.  In  a  short  time  the 
reaction  commences  and  may  become  so  vigorous  as  to  necessitate 
cooling  with  water ;  ultimately  the  decomposition  is  completed  by 
heating  on  the  water-bath  unti'l  the  sodium  has  completely  dissolved. 
The  yellow  product  is  decomposed  by  dilute  hydrochloric  acid  and  ice, 
the  oily  layer  separated,  washed  well  with  sodium  carbonate,  dried  over 
calcium  chloride  and  fractionated  under  reduced  pressure.  After  the 
benzene  has  passed  over,  the  residue  distils  almost  completely  at 
160 — 170°  (18  mm.),  and,  after  refractionating,  a  portion  boiling  at 
166°  (18  mm.)  gave  the  following  results  on  analysis  : 

0-1843  gave  03920  CO.^  and  0-1160  H^O.     C  =  58-l  ;  H  =  7-0. 
0-1656     „     0-3537  CO2    „    0-1053  HgO.     C  =  58-2;  H  =  7-l. 
CjjHjgOg  requires  C  =  57-9  ;  H  =  7-0  per  cent. 

Bthylcyclope7ita')t07ie-2  :  ^-dicarhoxylaie  is  a  colourless  oil  with  a  pale 
blue  fluorescence  and  an  odour  somewhat  resembling  that  of  ethyl 
acetoacetate.  Its  alcoholic  solution  is  coloured  an  intense  crimson  by 
the  addition  of  ferric  chloride.  The  yield  of  the  pure  keto-ester  fi-om  the 
quantities  stated  above  is  often  only  about  50  grams,  or  not  more  than 
45  per  cent,  of  the  theoretical  amount.  This  is  due  to  the  fact  that  a 
lai'ge  quantity  of  dark  coloured  oil  is  extracted  by  the  treatment  with 
sodium  carbonate.  If  this  alkaline  extract  is  acidified  with  dilute  sul- 
phuric acid  and  heated  to  boiling  under  the  conditions  described  in  the 
next  section,  considerable  quantities  of  crude  c_i/c^pentanone-4-carb- 
oxylic  acid  may  be  extracted  with  ether. 

This  crude  acid  is  best  purified  by  esterification  and  fractionation  of 
the  ester  under  reduced  pressure. 
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OTT  'CO 
cycloPentanone-i-carhoxylic  Acid,  COgH-OH-c^   ^   i      . 

This  acid  is  formed  from  ethyl  c?/cZopentanone-2  :  4-dicarboxylate  by 
hydrolysis  and  elimination  of  carbon  dioxide,  a  change  which  is  readily 
brought  about  by  boiling  with  dilute  mineral  acids,  but  the  acid 
employed  must  be  very  dilute,  because  concentrated  acids  such  as  hydro- 
chloric acid  give  rise  to  the  formation  of  uncrystallisable  resins  of  high 
molecular  weight.  The  ester  is  digested  with  ten  times  its  volume  of 
8  per  cent,  sulphuric  acid  in  a  flask  fitted  with  a  ground-in  condenser 
for  about  three  hours  and  until  solution  is  complete.  The  clear  liquid  is 
neutralised  with  sodium  carbonate,  evaporated  on  the  water- bath  until 
free  from  alcohol,  acidified,  saturated  with  ammonium  sulphate,  and 
extracted  with  ether  at  least  ten  times,  preferably  on  the  shaking 
machine.  After  di-ying  over  calcium  chloride  and  evaporating,  a  viscid 
gum  is  obtained  which,  with  the  exception  of  a  small  quantity  of  sub- 
stance of  high  boiling  point,  distils  almost  constantly  at  197°  (30  mm.). 
The  distillate  sometimes  remains  liquid  for  several  days,  but  if  a 
crystal  of  the  keto-acid  is  introduced,  the  whole  is  rapidly  converted 
into  a  solid  mass.  For  analysis,  the  substance  was  crystallised  fi-om 
benzene. 

0-1370  gave  0-2823  COg  and  0-0767  H.O.     C  =  56-2;  H  =  6-2. 
0-1501     „     0-3106  CO2    „    0-0845  H2O.     C  =  56-4 ;  H  =  6-3. 
C^HgOg  requires  C  =  56-3  ;  H  =  6-2  per  cent. 

cycloPentano7ie-4:-carbox7/lic  acid  crystallises  from  benzene,  in  which 
it  is  very  readily  soluble,  in  hard  crusts  melting  at  64 — 65°.  It 
dissolves  readily  in  water  and  in  most  organic  solvents,  but  is  sparingly 
soluble  in  light  petroleum.  The  basicity  of  the  acid  was  determined 
by  titration  with  decinormal  caustic  potash,  when  0-3242  neutralised 
0-1417  KOH,  whereas  this  amount  of  a  monobasic  acid,  CgHgOg,  should 
neutralise  0-1419  KOH. 

The  Oxime. — In  order  to  prepare  this  derivative,  the  pure  acid 
(2  grams),  dissolved  in  the  minimum  quantity  of  water,  was  mixed  with 
a  concentrated  aqueous  solution  of  hydroxylamine  hydrochloride 
(2  grams)  and  caustic  potash  (4  grams)  and  allowed  to  stand  for  three 
days.  The  alkaline  solution  was  acidified  and  extracted  at  least 
twenty  times  with  ether,  the  extract  was  dried  over  calcium  chloride 
and  evaporated,  when  a  yellow  oil  was  obtained  which  soon  solidified. 
After  remaining  in  contact  with  porous  porcelain  until  quite  dry,  the 
oxime  was  recrystallised  from  ether,  in  which  it  is  sparingly  soluble. 

0-1230  gave  10-2  c.c.  of  nitrogen  at  18°  and  766  mm.     N  =  9-5. 
CgHgOgN  requires  N  =  9-8  per  cent. 
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l-Oximinocye\o2}entanone-4:  carbox^Uc  acid  is  a  colourless,  crystalline 
solid  which  melts  at  141°  and  is  very  readily  soluble  in  water  or 
alcohol,  but  sparingly  so  in  benzene  or  light  petroleum. 

The  semicarbazone  separates  gradually  in  nodular  masses  when  a 
concentrated  aqueous  solution  of  the  acid  is  mixed  with  semicarbazide 
hydrochloride  and  sodium  acetate.  It  dissolves  readily  in  boiling 
water,  and  crystallises  on  cooling  in  hard  crusts  which  decompose  at 
about  190°. 

0-2573  gave  5M  c.c.  of  nitrogen  at  19°  and  767  mm.     N  =  23-0. 
C^H^iOaN  requires  N  =  22-7  per  cent. 

Ethyl  cycXoHexanone-l :  4:-dicarboxylate, 
and    cyclo IlexanoneA-carboxylic    Acid    (S-Ketohexahydrobenzoic    Acid), 

The  ethyl  pentane-ayc-tricarboxylate, 

C02EfCH,/CH2-CH(CO.^Et)-CH2-CH2-C02Et, 

which  was  required  for  the  following  experiments  had  not  previously 
been  described,  but  it  may  be  conveniently  prepared  as  follows. 
Ethyl-y-cyanopentane-aye-tricarboxylate, 

C02Et-OH2-CH2-C(CN)(C02Et)-CH2-CH2-C02Et, 

prepared  by  the  action  of  ethyl  )8-iodopropionate  on  the  sodium 
derivative  of  ethyl  cyanoacetate  (Trans.,  1904,  85,  422),  is  digested  in 
quantities  of  100  grams  with  concentrated  hydrochloric  acid  (200  c.c.) 
for  several  hours  and  until  the  evolution  of  carbon  dioxide  has  ceased 
(compare  p.  1643). 

Water  (100  c.c.)  is  then  added,  and,  after  boiling  for  six  hours,  the 
whole  is  evaporated  to  dryness  and  the  mixture  of  crude  pentane-aye- 
tricarboxylic  acid  and  ammonium  chloride  digested  for  two  days  with 
alcohol  (300  c.c.)  and  sulphuric  acid  (30  c.c),  the  product  being  then 
treated  exactly  as  described  in  the  case  of  the  preparation  of  ethyl 
butane-a^8-tricarboxylate  (p.  1644).  Ethyl  pentane-ayc-tricarboxylate 
is  a  colourless  oil,  which  distils  at  195°  (20  mm.)  and  at  210"  (50  mm.). 

0-2568  gave  0-5431  CO2  and  01982  HgO.     C  =  57-8;  H  =  8-7. 
G^Jl^fiQ  requires  0  =  58*3  ;  11  =  8-3  per  cent. 

Ethyl  cyc\oIIexanone-2  :  i-dicarboxylate. — The  preparation  of  this 
keto-oster  by  the  action  of  sodium  (23  grains)  on  ethyl  pentane-aye- 
tricarboxylato  (144  grams)  was  carried  out  in  benzene  solution  under 
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conditions  substantially  the  same  as  those  described  in  the  case  of  the 
preparation  of  ethyl  cye?opentanone-2 : 4-dicarboxylate  from  ethyl 
butane-a^S-tricarboxylate  (p.  1645). 

After  the  product  had  been  decomposed  by  hydrochloric  acid,  the 
benzene  layer  was  separated,  washed  with  sodium  carbonate,*  dried 
over  calcium  chloride,  and  fractionated,  when  almost  the  whole  of  the 
oil  distilled  at  about  180°  (20  mm.). 

0-2117  gave  0-4693  CO^  and  0-1444  HgO.     C  =  59-2  ;  H  =  7-3. 
CjgHisOs  requires  C  =  59'5  ;  H  =  7'4  per  cent. 

Elhjl  cyc\ohexanone-2  :  A-dicarboxi/lnte  is  a  colourless  oil  possessing 
an  odour  closely  resembling  that  of  ethyl  acetoacetate  and  the  alcoholic 
solution  of  which  is  coloured  an  intense  crirnsoa  by  the  addition  of 
ferric  chloi'ide.  The  yield  of  pure  keto-ester  obtained  under  the  above 
conditions  is  not  more  than  50  per  cent,  of  that  theoretically  possible. 

cjeloIJexanone-i-carboxi/lic  Acid  [S-Ketohexahydrobenzoic  Acid). — 
This  acid  is  readily  obtained  when  ethyl  cycZohexanone-2  : 4-dicarb- 
oxylate is  digested  with  dilute  sulphuric  acid  (10  per  cent.)  for  two  or 
three  hours  and  until  the  evolution  of  carbon  dioxide  has  ceased. 

The  clear  liquid  is  then  neutralised  with  sodium  carbonate  and 
evaporated  with  the  frequent  addition  of  small  quantities  of  water 
until  qu.ite  free  from  alcohol ;  it  is  then  acidified  and  saturated  with 
ammonium  sulphate,  when  the  keto-acid  soon  separates  as  a  voluminous 
precipitate.  This  precipitate  is  collected  at  the  pump,  dried  over 
sulphuric  acid  in  an  evacuated  desiccator,  and  the  keto-acid  separated 
from  inorganic  matter  by  extracting  several  times  with  boiling  light 
petroleum.  The  light  petroleum  is  then  removed  by  distillation,  the 
residue,  which  soon  crystallises,  left  in  contact  with  porous  porcelain 
until  quite  dry,  and  finally  crystallised  from  a  mixture  of  benzene  and 
light  petroleum. 

01 369  gave  0-2952  CO.,  and  0-0872  HgO.     C  =  58-8;  H  =  7-l. 
C^HjoOg  requires  C  =  59*l  ;  H  =  7-0  per  cent. 

Prepared  in  this  way,  8-ketohexahydrobenzoic  acid  melted  at 
67 — 68°,  and  proved  to  be  identical  in  all  respects  with  the  acid  which 
had  previously  been  obtained  from  pentane-aye-tricarboxylic  acid  by 
treatment  with  acetic  anhydride,  and  subsequent  distillation  (Trans., 
1904,  85,  425). 

The  Sciiunck  Laboratory, 

The  Victoria  University  of  Manchester. 

*  When  the  alkaline  extract  was  acidified  with  dilute  sulphnric  acid,  boiled  until 
the  evolution  of  carbon  dioxide  had  ceased,  and  then  saturated  with  ammoniiun 
sulphate,  the  solution  gradually  deposited  a  large  qiiantity  of  nearly  pure  5-keto- 
hexahydrohenzoic  acid. 


SOME  DERIVATIVES  OF  CATECHOL,  ETC.        1649 


CLXVI. — Some  Derivatives  of  Catechol,  Pyrogallol, 
Benzoi^henone,  and  of  Substances  allied  to  the 
Natural  Colouring  Matters. 

By  William  Henry  Perkin,  jun.,  and  Carl  Weizmann. 

This  communication  contains  the  description  of  a  number  of  new 
substances  which  have  been  prepared  at  different  times  in  connection 
with  reseai'ches  on  the  constitution  of  brazilin,  ha^matoxylin,  and 
other  natural  colouring  matters. 

It  also  contains  the  results  of  the  investigation  of  a  considerable 
number  of  new  derivatives  of  benzophenone,  most  of  which  have 
been  prepared  by  students  in  the  laboratories  of  the  University  of 
Manchester.* 


Preparation  of  Veratrole,  C,;H^(OMe)o)  and  Dimethylhomocatechol 
C,.H,Me(0Me)2=''l  :  3  :  4, 

During  the  course  of  a  large  number  of  experiments  on  the  methyla- 
tion  of  brazilin,  hfematoxylin,  and  other  phenolic  substances  by  means 
of  methyl  sulphate,  we  have  repeatedly  noticed  that  such  methylation 
takes  place  almost  quantitatively  if  the  following  conditions,  which 
we  describe  in  the  case  of  veratrole  and  dimethylhomocatechol,  are 
observed. 

(1)  Catechol  (100  grams)  is  dissolved  in  methyl  alcohol  (200  c.c.) 
mixed  with  methyl  sulphate  (75  grams)  and,  after  cooling  to  -  5°,  a 
solution  of  caustic  potash  (150  grams)  in  water  (350  c.c.)  is  added 
all  at  once.  A  vigorous  action  takes  place  and  the  methylation  is 
complete  in  about  three  minutes. 

After  diluting  with  water,  the  oil  is  extracted  with  ether,  the 
ethereal  solution  well  washed  with  water,  dried  over  calcium  chloride, 
evaporated,  and  the  residue  distilled,  when  pure  veratrole  is  at 
once  obtained  as  a  crystalline  mass  which  melts  at  15°  and  distils  at 
205°.     The  yield  is  95  per  cent,  of  that  theoretically  possible. 

(2)  An  almost  quantitative  yield  of  dimethylhomocatechol  is  readily 
obtained  when  creosol,   CgH3Me(0Me)*0H  =  1:3:4,   is  treated  with 

*  Small  investigations  of  this  kind,  cairiod  out  after  the  usual  course  of  about  50 
lireparations,  not  only  arouse  much  more  interest  and  enthusiasm  than  a  longer 
course  of  prej)arations  could  do,  but  they  also  serve  as  a  valuable  introduction  to  the 
methods  of  research  and  create  a  desire  for  further  inquiry  and  original  work.  The 
share  which  each  worker  has  taken  is  shown  by  attaching  liis  name  to  the  section  for 
which  he  is  responsible. 
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meth}^  sulphate  and  caustic  potash  under  the  above  conditions.     It 
distils  at  128 — 130°  (25  mm.)  and  at  216°  under  the  ordinary  pressure. 

0-2750  gave  0*7258  COg  and  01900  HgO.     0  =  715  ;  H  =  7-7. 
CgHjgOg  requires  C  =  71'7;  H  =  7"9  per  cent. 

Large  quantities  of  pyrogallol  trimethyl  ether,  CgH3(OMe)3,  were 
also  prepared  in  a  similar  manner,  and  the  above  conditions  are 
especially  suited  to  the  case  of  phenolic  substances,  such  as  pyrogallol, 
which  oxidise  rapidly  in  alkaline  solution. 

Me_ 

Dimethoxy-o-tolucddehyde,  CHO<('       ^OMe. 

~OMe 

This  interesting  substance,  which  had  not  previously  been  described, 
may  be  prepared  in  the  following  manner.  Dimethylhomocatechol 
(40  grams)  is  mixed  with  freshly  prepared  and  finely  powdered 
aluminium  chloride  (60  grams)  in  a  flask  attached  to  a  reflux  con- 
denser through  which  ice- water  circulates.  After  cooling  the  flask  to 
-  5°,  anhydrous  hydrocyanic  acid  (40  grams)  is  added,  and  a  slow 
current  of  dry  hydrogen  chloride  is  then  passed  through  the  cold  liquid 
for  four  hours,  during  which  operation  the  contents  of  the  flask 
gradually  solidify  to  a  crystalline  mass.  After  remaining  for  ten 
hours,  hydrogen  chloride  is  again  passed  for  two  hours,  the  flask  being 
removed  from  the  freezing  mixture  and  the  temperature  allowed  to 
rise  to  40°. 

The  product  is  then  poured  into  ice  and  dilute  hydrochloric  acid, 
and,  when  the  aluminium  compound  has  been  completely  decomposed, 
the  whole  is  extracted  with  ether  and  the  ethereal  solution  shaken 
four  or  five  times  with  fresh  quantities  of  sodium  hydrogen  sulphite. 
The  extract  is  then  decomposed  by  sodium  carbonate,  when  the  new 
aldehyde  separates  as  an  oil  which  soon  crystallises. 

For  analysis,  the  substance  was  crystallised  from  methyl  alcohol. 

0-1385  gave  0-3381  COg  and  0-0836  HgO.     C  =  66-6;  H  =  6-7. 
CjoHjgOg  requires  C  =  66-7 ;  H  =  6*7  per  cent. 

4 : 5-Dimethoxy-o-tolualdehyde  separates  from  methyl  alcohol  in 
colourless  needles,  melts  at  76°,  and  has  an  odour  similar  to  that  of 
vanillin.  The  yield  obtained  in  the  above  process  was  about  35  per 
cent,  of  that  theoretically  possible.  When  the  aldehyde,  dissolved  in 
methyl  alcohol,  is  mixed  with  a  concentrated  aqueous  solution  of  semi- 
carbazide  hydrochloride  and  sodium  acetate,  the  semicarhazone  separates 
as  a  crystalline  powder  which  crystallises  from  methyl  alcohol  in 
leaflets  and  melts  at  216—218°. 
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The  hydrazone  separates  in  yellow  needles  when  the  alcoholic  solu- 
tion of  the  aldehyde  is  mixed  with  phenylhydrazine  and  allowed  to 
stand  for  twenty-four  hours.     It  melts  at  118°. 

Oxidation   of  Dimethoxy-o-tolualdehyde.      Formation   of  Dimethoxy-o- 
Me^  COgH 

toluic  Acid,  COoH<^       ^OMe,  and  m-Hemipinic  Acid,  C02H<^       NOMe. 

~OMe  ~OMe 

In  studying  this  oxidation,  the  aldehyde  (9  grams)  was  ground  with 
water  to  a  fine  paste  and  oxidised  at  the  ordinary  temperature  with  a 
2  per  cent,  solution  of  potassium  permanganate  (22  grams).  After 
heating  to  boiling  and  filtering,  the  filtrate  and  washings  of  the 
manganese  precipitate  were  concentrated  and  acidified,  when  a  solid 
acid  separated  which,  after  crystallising  from  much  water,  yielded  the 
following  results  on  analysis  : 

0-1901  gave  0-4266  CO2  and  0-1037  HgO.     C  =  61-2;  H  =  6-l. 
CjqHj2^4  requires  0  =  61  "2;  H  =  6-l  per  cent. 

4  :  5-Dimethoxy-o-toluic  acid  melts  at  145°  with  decomposition  and  is 
almost  insoluble  in  cold  water ;  it  dissolves,  however,  appreciably  in 
boiling  water  and  separates,  on  cooling,  as  a  voluminous  mass  of 
needles. 

The  mother  liquors  from  a  number  of  preparations  of  dimethoxy-o- 
toluic  acid  were  concentrated,  repeatedly  extracted  with  ether,  and  the 
extract  evaporated,  when  a  solid  remained  which  was  found  to  be 
a  mixture  of  dimethoxy-o-toluic  acid  and  m-hemipinic  acid.  These 
acids  were  separated  by  repeated  recrystallisation  from  water,  and 
pure  ??t-hemipinic  acid  was  thus  obtained  in  hard,  colourless  prisms 
which  contained  water  of  crystallisation. 

The  anhydrous  acid  gave  the  following  results  on  analysis  : 

0-2130  gave  0-4139  COg  and  0-0884  H.O.     C  =  53-0 ;  H  =  4-6. 
CiqHj(,0,3  requires  0  =  53-1  ;  11  =  4-5  per  cent. 

That  this  acid  was  ?H-hemipinic  acid  was  conclusively  proved  by 
converting  it  into  the  characteristic  ethylimide  (Goldschmiedt,  Monatsh., 
1888,  9,  339),  which  was  sparingly  soluble  in  alcohol  and  melted 
at  230°. 

The  yield  of  this  acid  was  small,  and  experiments  which  were  made 
with  the  object  of  increasing  the  yield  (by  using  larger  quantities  of 
permangiinato  and  of  other  oxidising  agents)  were  only  partially 
successful.  This  is  due  to  the  slight  tendency  which  tho  incthyl 
group  in  dimethoxy-o-toluic  acid  exhibits  to  become  oxidised  to  the 
carboxyl  group,    and    if    largo    quantities    of    oxidising    agent    are 
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employed  at  the  temperature  of  the  water-liath,  some  of  the  acid 
escapes  oxidation  and  most  of  the  remainder  is  completely  decomposed, 
with  formation  of  much  oxalic  acid. 


Z-Methoxy-o-tolualdehi/de,     CHO<('        ^OMe,  and   its  Conversion   into 

~  Me_ 

o-Methoxy-o-tolylacrylic     Acid,     CO^H'OR'.GB.^'      ^OMe. 

The  methoxy-o-tolualdehyde,  employed  in  these  experiments,  was 
prepared  as  follows  :  m-cresol  methylether  (25  grams),  was  mixed  with 
anhydrous  hydrocyanic  acid  (30  grams),  cooled  to  -  5°,  and  powdered 
aluminium  chloride  (20  grams)  gradually  added.  Dry  hydrogen 
chloride  was  then  passed  for  five  hours  at  0°,  and  then  at  the  ordinary 
temperature  for  two  hours.  The  crystalline  mass  which  separated 
was  decomposed  with  ice  and  dilute  hydrochloric  acid,  the  solution 
extracted  with  ether,  the  ethereal  extract  shaken  with  sodium 
hydrogen  sulphite,  and  the  crystalline  bisulphite  compound  which 
separated  decomposed  by  sodium  carbonate.  The  aldehyde  was  then 
recrystallised  from  methyl  alcohol. 

?)-Methoxy-o-tolylacrylic  Acid. — The  ester  of  this  acid  is  readily 
obtained  and  in  a  good  yield  by  employing  a  method  similar  to  that 
described  by  Claisen  [Ber.,  1890,  23,  976)  for  the  preparation  of  ethyl 
cinnamate. 

Methoxy-o-tolualdehyde  (1  mol.),  is  dissolved  in  pure  ethyl  acetate 
(5  mols.),  and  molecular  sodium*  (\h  mols.)  added,  when  a  brisk 
reaction  soon  sets  in  which  is  moderated  by  cooling  the  flask  in  ice- 
water.  After  remaining  for  twenty-four  hours,  the  product  is  treated 
with  dilute  acetic  acid,  the  oil  extracted  with  ether,  and  the  ethereal 
solution  dried  and  evaporated.  The  brown  oil  is  left  over  sulphuric 
acid  in  an  evacuated  desiccator  until  semi-solid,  the  mass  is  then 
drained  on  porous  porcelain,  and  the  crude  ethyl  methoxy-o-tolyl- 
acrylate  hydrolysed  by  boiling  with  excess  of  methyl-alcoholic 
potash. 

After  adding  water  and  evaporating  until  free  from  methyl  alcohol, 
the  alcoholic  solution  is  acidified,  when  the  new  acid  separates  as  a 
sparingly  soluble,  crystalline  precipitate,  and  is  purified  by  crystallisa- 
tion from    acetic  acid. 

0-1648  gave  0-4132  CO^  and  0-0889  H.p.     0  =  685;  H  =  6-0. 
CjjH^oOg  requires  0  =  68-8  ;  H  =  62  per  cent. 

*  Pici)arcd  by  nieltin<,'  sodium  uiidur  boiling  tolueue  and  vigorously  shaking 
(compare  Trans.,  1006,  89,  783). 
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3-Methox7/-o-tolylacrylic  acid  melts  at  about  185°,  and  is  almost  in- 
soluble in  cold  water.  It  dissolves,  however,  appreciably  in  boiling 
water  and  separates  on  cooling  in  voluminous  colourless  needles  ;  it  is 
also  readily  soluble  in  acetic  acid. 


Condensation    of    Resacetoj^henone    Dimethyl    Ether    wilh    Piperonal. 
Formation  of  Piper onylideneresacttophenone  Dimethyl  Ether 

_OMe 

ch2<q>c^H3.ch:ch-co/   \- 

~OMe 

The  resacetophenone  dimethyl  ether  required  for  these  experiments 
was  prepared  by  methylating  resacetophenone  in  methyl-alcoholic 
solution  with  methyl  sulphate  and  caustic  potash  according  to  the 
directions  given  on  p.  1649. 

Molecular  proportions  of  piperonal  and  resacetophenone  dimethyl 
ether  were  dissolved  in  absolute  ether  and  treated  with  molecular 
sodium*  (1  mol.),  the  mixture  being  cooled  at  first  in  a  freezing 
mixture,  and  afterwards  left  at  the  ordinary  temperature  for  forty- 
eight  hours.  The  reaction  was  then  completed  by  heating  at  30 — 40° 
for  two  days  ;  the  yellow  crystals  were  then  collected  and  purified  by 
rocrystallisation  from  acetic  acid. 

0-2090  gave  0-5288  CO^  and  0-1040  H^.     0  =  69-1  ;  H  =  5-4. 
CjgH^gOg  requires  0  =  69-2  ;  H  =  5*l  per  cent. 

Piperonylideneresacetophenone  Dimethyl  ether  melts  at  139°  and  is 
obtained  by  the  above  process  in  a  nearly  quantitative  yield. 


Condensation  of  Ethyl   Veratrate  ivilh  Resacetopltenone  Dimethyl  Ether. 
Formation  of  Frotocatechuoylresacetophenone  Tetramethyl  Ether, 
^OMe 

MeO(^         ^CO-OH^-OO/         \ 

OMe"  OMe 

When  a  mixture  of  ethyl  veratrate  (1  mol,),  and  lesacetophenono 
dimethyl  etiior  (1  mol.)  is  treated  with  molecular  sodium  (1  mol.), 
under  the  conditions  described  in  the  last  section,  the  yellow,  crystalline 
sodium  derivative  of  the  aljovo  condensation  product  is  gradually 
deposited.  This  is  collected,  washed  with  ether,  and  then  suspended 
in  other  and    cautiously  decomposed    by  means    of    ice    and    dilute 

'  Compare  footnote,  p.  1G52, 
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hydi'ochloric  acid.  The  brown  ethereal  solution  is  decolorised  by 
animal  charcoal,  evaporated,  and  the  residue  crystallised  from  methyl 
alcohol. 

0-1400  gave  0-3388  CO^  and  0-0750  HgO,     C  =  66-l  ;  H  =  5-9. 
CigHgoO^,  requires  C  =  66'3  ;  H  =  5-8  per  cent. 

Protocatechuoylresacetophenone  Tetramethyl  Ether  melts  at  115°,  and  is 
of  special  interest  on  account  of  its  close  relationship  to  brazilin,  but 
the  yield  obtained  by  the  above  process  is,  unfortunately,  so  small 
that  its  detailed  examination  will  be  a  matter  of  considerable  difficulty. 
It  dissolves  readily  in  alcohol  and  gives  a  red  coloration  on  the 
addition  of  ferric  chloride. 

OH_OMe 

Gallacetoj)henone  Dimethyl  Ether,*  CH3*C0'<^  \OMe. 

This  substance  has  been  prepared  in  considerable  quantities  for  use 
in  a  series  of  synthetical  experiments  which  are  not  yet  complete. 

Pyrogallol  trimethyl  ether  (30  grams)  was  dissolved  in  carbon 
disulphide,  and,  after  adding  acetyl  chloride  (16  grams),  the  solution 
was  well  cooled  and  gradually  mixed  with  aluminium  chloride  (20 
grams).  A  brisk  reaction  soon  set  in,  which  was  moderated  by  cooling 
in  ice-water,  and  after  twenty-four  hours  the  decomposition  was 
complete  and  a  deep  red  aluminium  compound  had  separated. 

The  product  was  decomposed  by  the  addition  of  ice  and  dilute 
hydrochloric  acid,  when  an  oil  separated  which  soon  solidified. 

The  crystalline  mass  was  collected  at  the  pump,  washed  well  with 
water,  and  purified  by  recrystallisation  from  methyl  alcohol,  from  which 
the  substance  separated  in  colourless  needles  melting  at  77°. 

0-1728  gave  0-3854  CO2  and  0-0966  H2O.     C  =  60-9;  H  =  6-3. 
0-1384     „     0-3096  CO2  and  0-0768  H2O.     C  =  6M  ;  H  =  6-2. 
CjqHj2^4  requires  C  =  61-2;  H  =  6-l  per  cent. 

The  analyses  and  properties  of  this  substance  clearly  prove  that  it  is 
gallacetophenone  dimethyl  ether,  that  is  to  say,  one  of  the  three  methyl 
groups  present  in  the  pyrogallol  trimethyl  ether  employed  in  its  pre- 
paration has  been  eliminated  by  the  hydrogen  chloride  formed  during 
the  above  reaction.  There  can  be  little  doubt  that  the  methyl  group 
so  removed  is  that  of  the  methoxy-group  adjacent  to  the  ketone  group 

*  While  the  present  paper  was  in  the  press,  the  Editor  drew  the  attention  of  the 
authors  to  the  fact  that  a  gallacetophenone  dimethyl  ether,  evidently  identical  with 
the  substance  here  described,  had  already  been  obtained  by  A.  G.  Perkin  (Trans., 
1895,  67,  997.  Compare  A.  G.  Perkin  and  C.  R.  Wilson,  Proc,  1902,  18,  215) 
from  gallacetophenone  by  the  action  of  sodium  niethoxide  and  methyl  iodide.  The 
melting  point  given  by  these  authors  is  77 — 78°. 
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and  that  the  substance  has  the  constitution  given  to  it  at  the  head  of 
this  section.  The  presence  of  the  hydroxyl  group  is  shown  by  the  fact 
that  the  substance  is  soluble  in  dilute  caustic  potash,  and  that  its 
alcoholic  solution  gives  a  deep  red  coloration  on  the  addition  of  ferric 
chloride.  The  hydrazone  was  prepared  by  treating  the  solution  of  the 
substance  in  acetic  acid  with  phenyl  hydrazine  in  the  usual  manner, 
and  crystallises  from  methyl  alcohol  in  pale  yellow  needles  which 
melt  at  171°. 

0-2026  gave  0-5014  CO^  and  0-1099  HoO.     0  =  67-4  ;  H=  6-3. 
Cj^HjgOgNg  i-equires  0  =  67*1  ;  H  =  6-3  per  cent. 

OMe 

Gallic  Acid  Trimethyl  Ether,  OO^h/^     \oMe. 

~OMe 

Gallic  acid  trimethyl  ether  was  first  prepared  by  Graebe  [Annalen, 
1905,  340,  219),  but  we  found  that  the  following  modification  of 
Graebe's  method  was  advantageous  in  preparing  the  large  quantities  of 
this  acid  which  we  required  for  our  experiments.  Gallic  acid  (200 
grams)  is  dissolved  in  methyl  alcohol  (250  cc),  methyl  sulphate  (300 
grams)  is  then  added,  and  the  whole  treated  with  a  large  excess  of  a 
25  per  cent,  solution  of  caustic  potash,  the  vigorous  action  being 
moderated  by  cooling  in  water.  As  soon  as  the  decomposition  is 
complete,  the  same  quantities  of  methyl  sulphate  and  caustic  potash  are 
again  added,  and  after  fifteen  to  twenty  minutes  the  gallic  acid 
trimethyl  ether  is  precipitated  by  hydrochloric  acid  and  purified 
by  crystallisation  from  acetic  acid.  The  yield  obtained  is  150 — 170 
grams. 

Gcdlyl  chloride  trimethyl  ether,  (MeO)30,5H2'OOCl,  may  be  prepared  by 
heating  gallic  acid  trimethyl  ether  (100  grams)  with  phosphorus 
pentachloride  (105  grams)  on  the  water-bath  for  ten  minutes.  The 
product  is  distilled  when  the  acid  chloride  passes  over  at  185°  (18  mm.) 
and  crystallises  on  cooling.  It  separates  from  a  mixture  of  benzene 
and  light  petroleum  in  colourless  needles  and  melts  at  77 — 78°. 

Ethyl  3:4:  5-7Vimethoxybenzoylacetoacetate, 

_OMe 

CO„Et-OHAc-00^     "^OMe. 

OMe 

This  ester  was  prepared  by  the  nctiou  of  gallyl  chloride  trimethyl 
ether  on  the  sodiuui  derivative  of  ethyl  acetoacetate,  the  conditions 
observed  being  similar  to  those  recommonded   by  Olaisen  [AuualeH, 
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1896,  291,  67)  foi^  the  preparation  of  ethyl  benzoylacetate.  Sodium 
(9'2  grams)  was  dissolved  in  alcohol  (150  c.c.)  and  75  c.c.  of  this 
solution  was  added  to  ethyl  acetoacetate  (27  grams)  dissolved  in  ether 
(150  c.c).  Gallyl  chloride  trimethyl  ether  (23  grams)  was  then 
dissolved  in  ether  (150  c.c.)  and  75  c.c.  of  this  solution  slowly  added 
to  the  ethereal  solution  of  the  sodium  derivative  of  ethyl  acetoacetate. 
After  I'emaining  for  half  an  hour,  half  of  the  remaining  ethoxide  and 
half  the  acid  chloride  solution  were  added,  and  after  fifteen  minutes 
the  rest  of  these  solutions.  The  product  became  very  thick  owing  to 
the  separation  of  salt  and  the  sodium  derivative  of  ethyl  trimethoxy- 
benzoylacetoacetate,  and  after  twenty-four  hours  the  whole  was 
filtered  at  the  pump,  washed  with  ether,  and  decomposed  by  dilute 
hydrochloric  acid,  when  an  oil  separated  and  soon  solidified.  The 
solid  was  collected,  washed  with  water,  and  purified  by  recrystallisation 
from  methyl  alcohol. 

0-1567  gave  0-3430  CO2  and  0-0856  H.O.     C  =  59-5  ;  H  =  6-1. 
C^gHjoOy  requires  0  =  592;  H  =  6"2  per  cent. 

Ethyl  3:4:  h-trimethoxyhenzoylacetoacetate  melts  at  85°  and  is  readily 
soluble  in  alcohol  and  ether ;  it  dissolves  also  in  aqueous  solutions  of 
caustic  potash  or  sodium  carbonate.  The  alcoholic  solution  gives,  on 
the  addition  of  ferric  chloride,  a  deep  purple  coloration. 

_OMe 
Ethyl  3:4: 5 -Trimethoxy benzoylacetate,  C02Et'CH2*CO<^      \OMe. 

~bMe 

In  order  to  prepare  this  substance,  ethyl  trimethoxybenzoylaceto- 
acetate  (6  grams)  is  ground  to  a  paste  with  water  (250  c.c),  mixed 
with  ammonium  chloride  (10  grams)  and  ammonia  (50  c.c.  of  a  15  per 
cent,  solution),  and  well  shaken  during  ten  minutes.  The  ester  first 
dissolves,  but  an  oil  soon  begins  to  separate,  which  rapidly  solidifies, 
and  the  decomposition  is  hastened  by  gently  warming  on  the  water- 
bath. 

The  solid  ester  is  collected,  washed  well,  dried  on  porous  porcelain, 
and  purified  by  recrystallisation  from  methyl  alcohol,  from  which  it 
separates  in  leaflets. 

0-1605  gave  0-3517  CO2  and  0-0949  H2O.     0  =  59-7  ;  H  =  6-4. 
0-1566     „     0-3425  CO2    „    0  0905  HgO.     0  =  596 ;  H  =  6-5. 
Oj^HjgO^  requires  0  =  59-6  ;  H  =  6-4  per  cent. 

Ethyl  3:4:  Q-trinietho.cybenzoylacetate  melts  at  95°,  is  i-eadily  soluble 
in  dilute  caustic  potash,  and  its  alcoholic  solution   gives  a  reddish- 
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violet  coloi'ation  on  the  addition  of  ferric  chloride.  When  shaken 
with  ammoniacal  copper  sulphate,  it  yields  a  green  copper  derivative, 
■which  may  be  recrystallised  from  toluene. 

Condensation  of  Phthalyl  Chloride  with  Veratrole  and  with  Pyrogallol 
TrimethTjl    Ether.     Formation    of    Tetramethoxydijyhenyljjhthalidei 

CO<C^ryt^^\r^^xT  iO\^  \^  "^*^^   Hexamethoxydijjhenyljihthalide, 


^^  — 0 — ^^^C(;Ho(0Me)3- 


In  carrying  out  the  first-mentioned  condensation,  phthalyl  chloride 
(1  mol.)  dissolved  in  light  petroleum  (b.  p.  60 — 70*^)  was  mixed  with 
veratrole  (2  mols.),  and,  after  cooling  in  ice,  finely-powdex'ed  aluminium 
chloride  was  added  in  small  quantities  at  a  time,  the  weight  employed 
being  half  that  of  the  combined  weights  of  the  phthalyl  chloride  and 
veratrole.  An  energetic  reaction  soon  sets  in  with  evolution  of  much 
hydrogen  chloride,  and  a  viscous,  violet  aluminium  compound  separ- 
ates. After  remaining  for  twelve  hours  in  ice-water,  the  product 
is  heated  on  the  water-bath  until  the  evolution  of  hydrogen  chloride 
has  practically  ceased,  the  light  petroleum  is  then  decanted,  and  the 
aluminium  compound  decomposed  by  the  addition  of  dilute  hydrochloric 
acid  and  ice.  At  first,  a  brown  oil  separates,  but  this  gradually 
solidifies,  and,  after  collecting  at  the  pump  and  washing  with  dilute 
hydrochloric  acid  and  then  with  sodium  carbonate,  the  residue  is  dried 
and  crystallised  from  glacial  acetic  acid. 

0U42  gave  0-3702  COo  and  0-0692  HgO.     C  =  70-5  ;  H  =  5-4. 
^24^22^6  requires  C  =  70-9  ;  H  =  5*4  per  cent. 

Telramethoxydiphenylphthalide  separates  from  acetic  acid  in  colourless 
needles  and  melts  at  155°.  It  is  insoluble  in  water,  sodium  carbonate, 
or  caustic  potash,  but  dissolves  in  concentrated  sulphui-ic  acid, yielding 
a  deep  red  solution. 

The  yield  obtained  in  the  above  process  is  65  per  cent,  of  that 
theoretically  possible. 

IlexaTinethoxydiphenylphthalide  was  prepared  by  condensing  phthalyl 
chloride  with  pyrogallol  trimethyl  ether  in  the  presence  of  aluminium 
chloride  under  the  same  conditions  as  those  described  above  in  the 
preparation  of  the  corresponding  tetrametlioxy-compound.  It  crystal- 
lises from  acetic  acid  in  colourless,  microscopic  needles  and  melts 
at  79°. 

0176-1  gave  0-4308  CO.  and  0-0952  11./).     C  =  60-G  3   11=6-0. 
C^glL^Og  requires  C  =  67*0  ;  11  =  5-G  pur  cent. 
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_OMe 

2-Methoxy-ip-toluic  Acid,  C02H<^       ^Me. 

When  2-hydroxy-2J-toluic  acid  («i-cresotic  acid)  is  dissolved  in  excess 
of  caustic  potash  and  shaken  in  the  cold  with  twice  the  calculated 
quantity  of  methyl  sulphate,  methylation  not  only  of  the  hydroxy-, 
but  also  of  the  carboxy-group  takes  place,  and  methyl  2-methoxi/--p- 
toluate  separates  as  an  oil.  This  was  extracted  with  ether,  the  ethereal 
solution  washed  well,  dried  over  calcium  chloride,  the  ether  evaporated, 
and  the  ester  purified  by  distillation. 

0-1844  gave  0-4503  COg  and  0-1062  HgO.     C  =  66-5  ;  H  =  6-7. 
C^qHj203  requires  0  =  66-7  ;  H  =  6-7  per  cent. 

Methyl  2-inethoxy-'^-toluate  is  obtained  in  a  yield  of  75  per  cent,  in 
the  above  process  ;  it  distils  at  263 — 265°  and  has  an  odour  resembling 
that  of  oil  of  gaultheria. 

The  alkaline  solution,  from  which  the  methyl  ester  had  been 
extracted,  yields,  on  acidifying  with  hydrochloric  acid,  a  precipitate 
of  2-methoxy-'p-toluic  acid,  which,  after  crystallising  from  acetic  acid, 
melts  at  103°,  and  the  same  acid  is,  of  course,  readily  obtained  from 
the  methyl  ester  by  hydrolysis  with  alcoholic  potash. 

"We  have  found  the  above  process  very  convenient  for  the  methyla- 
tion of  salicylic,  protocatechuic,  ;8-resorcylic,  and  other  hydroxy-acids 
(compare  Perkin  and  Schiess,  Trans.,  1904,  85,  160),  but  as  Graebe 
{Annalen,  1905,  340,  204)  has  in  the  meantime  given  an  account 
of  similar  observations,  we  consider  it  unnecessary  to  publish  a 
detailed  description  of  our  experiments. 

MeO 


4:5:  G-Tetratnethoxy naphthalene,  Tyr  ^1        |        | ,  and  its  Conversion 

MeO   MeO 

CO.IIOMe 

into  2  : 5-I)imethoxy2)hthalic  Acid,  C02H< 


MeO 

i  Tetramethoxy naphthalene  was  prepared  in  considerable  quantities, 
because  it  was  thought  that  it  might  yield  hemipinic  acid  on  oxidation, 
and  therefoi'e  serve  as  a  convenient  starting  point  for  the  preparation 
of  this  acid.  There  is  still  no  convenient  method  available  for  the 
preparation  of  this  important  acid,  and  it  is  therefore  unfortunate 
that,  in   the  present  case,  the  oxidation  should  proceed  in  the  other 


CATECHOL,    PYROGALLOL,    AND    BENZOPHENONE.  1659 

possible   direction    with    tho   almost  exclusive    formation    of    2  : 5-di- 
methoxyphthalic  acid. 

The  preparation  of  tetramethoxynaplithalene  was  accomplished  as 
follows :  1:4:5: 6-tetrahydroxynaphthalene,  obtained  by  the  reduc- 
tion of  naphthazarin  by  means  of  stannous  chloride  and  hydrochloric 
acid  (Zincke  and  Schmidt,  Annalen,  1895,  286,  37),  was  dissolved  in 
methyl  alcohol,  the  solution  cooled  in  a  freezing  mixture,  and  mixed 
with  the  calculated  quantity  of  methyl  sulphate  and  excess  of  caustic 
potash.  When  the  vigorous  action  had  subsided,  half  the  quantities 
of  methyl  sulphate  and  caustic  potash  were  added,  and  after  remaining 
for  twenty-four  hours  the  product  was  diluted  with  water.  The 
crystalline  precipitate  which  separated  was  collected,  washed  well,  and 
crystallised  from  glacial  acetic  acid. 

0-1754  gave  0-7372  CO2  and  0-0968  H2O.     C-67-9;  H  =  6-3. 
Cj^H^gO^  requires  C  =  67*8  ;  H  =  6-4  per  cent. 

1:4:5:  ^-TetramethoxynajMialene  melts  at  about  170°  and  dis- 
solves readily  in  acetic  acid,  toluene,  or  xylene.  It  separates  from 
solvents  usually  in  the  form  of  grey,  silky  needles. 

2  :  b-Dimethoxyphthalic  Acid. — In  investigating  the  oxidation  of 
tetramethoxynaphthalene,  the  pure  substance  was  ground  to  a  very 
fine  paste  with  water,  a  little  sodium  cai'bonate  was  added,  and  the 
whole  was  then  shaken  on  the  machine  with  the  gradual  addition  of  a 
2  per  cent,  solution  of  potassium  permanganate.  The  oxidation  was 
at  first  very  rapid,  but  afterwards  slow,  and  two  days  were  required 
before  the  colour  of  the  permanganate  remained.  The  excess  was 
destroyed  by  the  addition  of  sodium  sulphite,  and,  after  heating  to 
boiling,  the  filtrate  and  washings  of  the  manganese  precipitate  were 
evaporated  to  a  small  bulk.  When  the  solution  was  acidified,  nothing 
separated,  but,  after  some  days,  a  quantity  of  a  pale  yellow,  crystalline 
acid  had  been  deposited,  and  a  further  quantity  was  obtained  by 
extracting  the  solution  with  ether.  The  whole  was  boiled  with  water, 
and  thus  separated  into  an  insoluble,  ochreous  substance  (^1),  which 
was  removed  by  filtration,  and  an  acid  which  crystallised  from  the 
filtrate  in  sulphur-yellow  prisms. 

After  remaining  exposed  to  the  air  until  quite  dry,  the  acid  yielded 
the  following  results  on  analysis  : 

0-1794  gave  0-3237  CO^  and  0-0769  HgO.     C  =  49-l  3  H  =  4-8. 
0-1876     „     0-3356  CO2    „    00774  H2O.     C  =  48-8;  H  =  4-6. 
CioH^oOcjH^O  requires  C  =  49-2  ;  H  =  4-9  per  cent. 

This  acid,  which  is  doubtless  2  :  d-dimethoxyphthalic  acid,  melts,  or 
rather  decomposes,  at  about  183 — 186°  and  contain.s  1  molecule  of 
water  which  does  not  appear  to  be  removed  at  90°. 
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2  :5-Dimethox}/phthfdic  Anhyilride. — The  ochreous  substance  {A),  in- 
soluble in  water  and  dilute  potash,  is  also  very  sparingly  soluble  in 
all  the  usual  organic  solvents,  bxxt  it  dissolves  in  boiling  acetic  anh}-- 
dride,  and  separates,  on  cooling,  as  a  bright  yellow,  crystalline  powder, 
which,  under  the  microscope,  is  seen  to  consist  of  short,  glistening 
prisms  not  unlike  sugar  crystals. 

01430  gave  0-3025  CO2  and  0-0517  H^O.     C  =  57-7  ;  H  =  4-0. 
0-1853     „     0-3884  CO2     „   0-0670  H^O.     C  =  57-4 ;  H  =  4-0. 
C^QHgOr,  requires  C  =  57-7  ;  H  =  3-8  per  cent, 

2  :5-Dimelhoxi/phihalic  anhydride  melts  at  260 — 261°,  and  is 
characterised  by  the  fact  that  its  dilute  solutions,  and  notably  its 
solution  in  ethyl  acetate,  exhibit  a  magnificent  pale  blue  fluorescence. 
It  dissolves  in  concentrated  sulphuric  acid,  yielding  a  pale  yellow 
solution,  which  has  a  striking  pale  green  fluorescence  like  that  of 
uranium  glass.     Thiele  and  Giinther  {Anncden,   1906,   349,  64)  have 

lately    obtained    2  :  5-dimetlioxyphthalimide,    (MeO)20gIT2<^p^^NH, 

from  dicyanoquinol  dimethyl  ether,  (MeO)2CgH2(CN)2,  by  treatment 
with  sulphuric  acid.  When  this  imide  was  digested  with  alcoholic 
hydrogen  chloi-ide,  it  was  converted  into  2  :  5-dimethoxyphthalic 
anhydride,  which  melted  at  259^,  and  is  evidently  identical  with  the 
anhydride  described  above.  These  experiments,  together  with  the 
observations  which  we  have  made,  seem  to  indicate  that  2  : 5-di- 
methoxyphthalic acid  is  converted  into  its  anhydride  with  unusual 
ease,  and,  indeed,  simply  boiling  with  water  seems  to  bring  about  this 
change,  at  all  events  partially. 

Condensation  of  Phthalic  Anhydride  ivith  Dimethylhomocatechol . 
Formation  of  Methylalizarin  Dimethyl  Ellter, 
r^c,       Me 

'oMe* 


CO^        OMe 

This  condensation  was  carried  out  by  dissolving  molecular  propor- 
tions of  phthalic  anhydride  and  dimethylhomocatechol  (p.  1649)  in 
light  petroleum  and  gradually  adding  a  quantity  of  aluminium  chloride 
equal  to  their  combined  weights,  the  whole  being  well  agitated  after 
each  addition.  When  all  the  aluminium  chloride  had  been  added,  the 
mixture  was  heated  on  the  water- bath  for  ten  hours,  and  the  dark- 
coloured,  viscous  aluminium  compound  was  decomposed  by  ice  and 
hydrochloric  acid  in  the  usual  manner.  The  yellow  oil,  thus  obtained, 
was  digested  several  times  with  hydrochloric  acid,  but  we  were  unable 
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to  obtain  from  it,  in  a  pure  state,    the  dimethoxytoluylbenzoic  acid 
which  it  undoubtedl}'  contained. 

The  crude  product  was  next  heated  with  concentrated  sulphuric  acid 
at  80°  until  a  drop  of  the  red  solution,  on  dilution  with  water  and 
treatment  with  excess  of  caustic -potash,  yielded  an  insoluble,  yellow 
precipitate.  The  solution  was  then  poured  on  ice,  the  precipitate  col- 
lected, washed  well  with  water  and  sodium  carbonate,  and  recrystal- 
lised  from  acetic  acid. 

0-1634  gave  0-4296  CO.^  and  00706  HgO.     C  =  71-9  ;  H  =  4-8. 
C^^Hj^O^  requires  0  =  72-3  ;  H  =  4-9  per  cent. 

\-Methylalizarin  dimethyl  ether  {\-inethyl-Z :  A:-diinethoxyanthra- 
quinoiie)  melts  at  224°  and  is  sparingly  soluble  in  benzene,  light 
petroleum,  or  cold  acetic  acid  ;  it  crystallises  from  acetic  acid  in 
yellow  needles  and  dissolves  in  sulphuric  acid,  yielding  a  brilliant  red 
solution.  That  this  methylalizarin  dimethyl  ether  has  the  con- 
stitution assigned  to  it  at  the  head  of  this  section  can  scarcely  be 
doubted,  since  Lagodzinski  {Ber.,  1895,  28,  118)  has  shown  that 
hystazarin  dimethyl  ether  is  produced  when  phthalic  anhydride  is 
condensed  under  similar  conditions  with  veratrole. 

MeO  _  OMe 

3:4:3':  i'-Telramethoxyhenzoj^Unone,  MeO<^      /^^\       /OMe 

[Henry  Llewellyn  Smith,  B.Sc.]. 

This  derivative  of  benzophenone  is  readily  prepared  by  condensing 
veratryl  chloi-ide  with  veratrole  in  the  presence  of  aluminium  chloride. 

Veratryl  chloride  (20  grams)  and  veratrole  (14  grams)  are  dissolved 
in  carbon  disulphide,  aluminium  chloride  (25  grams)  is  gradually 
added,  and  the  whole  heated  on  the  water-bath  for  three  hours.  The 
product  is  decomposed  by  ice  and  hydrochloric  acid  and  the  ketone 
purified  by  crystallisation  from  methyl  alcohol. 

0-1485  gave  0-3681  CO,  and  0-0827  H2O.     0  =  67-6;  H  =  6-2. 
O^yH^gOg  requires  0  =  676;  H  =  6-0  per  cent. 

The  determination  of  the  methoxy-groups  by  Perkin's  modification 
of  Zeisel's   method   (Trans.,   1903,  83,   1367)  yielded   the   following 

results  : 

0-1925  gave  0-5667  Agl.     MeO  =  39-0. 

CjyHjgOg  containing  4MeO  requires  MeO  =  41-0  per  cent. 

3:4:3':  A'-Tetramethoxybenzophenone  crystallises  from  alcohol  in 
colourless  needles  melting  at  144°.  It  is  soluble  in  benzene  and 
alcohol,  less  soluble  in  light  petroleum,  insoluble  in  caustic  potash. 
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The  oxime  was  prepared  by  treating  the  ketone  with  h3^droxylamine 
hydrochloride  and  caustic  potash  in  the  usual  manner.  It  crystallises 
from  alcohol  and  melts  at  145°. 

0-1700  gave  6-6  c.c.  nitrogen  at  15°  and  758  m.m.     N  =  4-5. 
C^yH^gOgN  requires  N  =  4*4  per  cent. 

3'  :  ^' - Methylenedioxy-d  :  i-dimethoxyhenzophenone, 
CHg-O  _  _OMe 

O <^     \qo(^    NoMe  [Norman  Allen  Creeth,  B.Sc.]. 

This  ketone  was  prepared  by  mixing  piperonyl  chloride  (IS  grams) 
and  resorcinol  dimethyl  ether  (14  grams)  in  carbon  disulphide,  adding 
aluminium  chloride  (20  grams),  and  heating  on  the  water-bath  for 
live  hours.  After  decomposing  with  ice  and  hydrochloric  acid,  the 
ketone  was  collected  at  the  pump,  washed  with  sodium  carbonate,  and 
recrystallised  from  methyl  alcohol.  It  crystallises  in  yellow  needles, 
soluble  in  alcohol,  ether,  or  benzene,  less  soluble  in  light  petroleum. 

0-1827  gave  0-4491  CO2  and  0-0723  HgO.     C  =  66-9  ;  H  =  4-4. 
^16^14^5  requires  C  =  67-1  ;  H  =  4-9  per  cent. 

The  determination  of  the  methoxy-groups  gave  the  following 
result  : 

0-2761  gave  0-4100  Agl.     MeO  =  19-6. 

CjcHj^Og  containing  2MeO  requires  MeO  =  200  per  cent. 

3'  4'  -Methylenedioxy-Z  :  4:-dimethoxybenzophenone  separates  from 
methyl  alcohol  in  pale  yellow  needles  and  melts  at  141 — 142°.  When 
treated  with  hydroxylamine  hydrochloride  and  caustic  potash  in  the 
usual  manner,  it  yields  an  oxime  which  crystallises  from  methyl  alcohol 
in  white  crystals,  but  was  not  further  examined. 

4c' -Methyl-2-hydroxy-^'  :  3  :  A-ti'imethoxybenzophenone, 

Me(OMe)C^H3-CO-CoH2(OH)(OMe)2, 

and  its  Derivatives  [Walter  Norman  Ha  worth,  B.Sc.]. 

The  above  ketone  was  obtained  by  condensing  pyrogallol  trimethyl 
ether  with  the  chloride  of  2-methoxy-j9-toluic  acid  in  the  presence  of 
aluminium  chloride. 

The  acid  chloride  (54  grams)  and  pyrogallol  trimethyl  ether 
(50  grams)  were  finely  powdered,  suspended  in  carbon  disulphide,  and 
heated  on  the  water-bath  with  aluminium  chloride  (56  grams)  for  about 
four  hours.  The  product  was  decomposed  by  ice  and  dilute  hydro- 
chloric acid,  the  carbon  disulphide  removed  by  di>tillation  in  steam. 
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the  dark-coloured  oil  boiled  with  dilute  sodium  carbonate,  and  allowed 
to  stand  until  it  had  completely  solidified. 

The  precipitate  was  collected  at  the  pump  and  recrystallised  from 
methyl  alcohol. 

0-1262  gave  0-3135  CO^  and  0'0691  H2O.     C  =  67-7;  H  =  6-l. 
CjylljgOg  requires  C  =  67"6;  H  =  5"9  per  cent. 

The  determination  of  the  methoxy-groups  by  Perkin's  modification 
of  Zeisel's  method  gave  the  following  results  : 


0-1195  gave  0-2746  Agl.     MeO  =  30-4. 
Cj^HjgO^  containing  3MeO  requires 


requires  MeO  =  30'8  per  cent. 


Methylhydroxytrimethoxyhenzophenone  melts  at  109°  and  separates 
from  methyl  alcohol  in  long,  yellow  needles  ;  it  dissolves  in  caustic 
potash,  and  its  alcoholic  solution  gives  with  feri-ic  chloride  a  blood-red 
coloration.  These  facts  prove  that  the  hydrogen  chloride  evolved 
during  the  course  of  the  above  reaction  had  converted  one  of  the 
MeO  groups  (obviously  that  adjacent  to  the  CO  group)  into  the  hydroxyl 
group  (compare  p.  1655).  The  yield  of  ketone  obtained  from  the 
quantities  employed  in  the  above  preparation  was  20  grams. 

M-Methyl-Z' :  2  :  3  :  ^-tetramethoxyhenzophemone, 
Me(OMe)C6H3-CO-C6H2(OMe)3. 

In  order  to  prepare  this  substance,  the  methylhydroxytrimethoxy- 
benzophenone  just  described  was  dissolved  in  an  excess  of  aqueous 
potash  (15  per  cent.)  and  well  shaken  in  the  cold  with  an  excess  of 
methyl  sulphate,  when  the  completely  methylated  ketone  separated  as 
a  solid  and  was  purified  by  recrystallisation  from  methyl  alcohol. 

0-1579  gave  0-3951  COg  and  0-0900  HgO.     C  =  683  ;  H  =  6-4. 
C^gHgoOg  requires  0  =  68-4;  H  =  6-3. 

Methylietramethoxyhenzophenone  melts  at  78°,  is  insoluble  in  caustic 
potash,  and  gives  no  coloration  when  ferric  chloride  is  added  to  its 
alcoholic  solution. 


4c' -Methyl-V  :  3  : 4  : 5-tetramethoxybenzophenone, 
jOMe        jOMe 

Me/    ^^^\     ^OMe. 
~bMe 

A   derivative    of    benzophenone,    which    probably    has    the    above 
structure,  was  prepared  by  condensing  m-tolyl  methyl  ether  with  gallyl 
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chloi  ide  trimethyl  ether  io  the  presence  of  aluminium  chloride  under  the 
same  conditions  as  those  described  above. 

The  product  of  the  reaction  consisted  of  a  substance  which 
separated  from  methyl  alcohol  in  brown  plates  and  melted  at  97°. 

0-1144  gave  0-2875  COg  and  0-0616  Rf^.     C  =  68-5  ;  H  =  6-l. 
C^gHj^Og  requires  C  =  68-4  ;  H  =  6-3  per  cent. 

This  substance  is  insoluble  in  caustic  potash  solution,  and  therefore 
the  hydrogen  chloride  formed  during  its  preparation  had  not,  as  in  two 
pi-evious  cases,  converted  the  methoxy-group  adjacent  to  the  carbonyl 
group  into  hydroxyl  (see  pp.  1655,  1663). 

OMe_  _OMe 

3  :  4  :  3'  :  4' :  5' -PenCamethoxybenzophenone,  MeO<^        yCO<^        /OMe, 

and  its  Derivatives  [Jonathan  Na"Xlor,  B.Sc.]. 

Gallyl  chloride  trimethyl  ether  (23  grams)  reacts  readily  with 
veratrole  (14  grams)  when  the  solution  in  carbon  disulphide  is  heated 
on  the  watei'-bath  with  aluminium  chloride  (23  grams). 

The  product  was  treated  with  ice  and  dilute  hydrochloric  acid  and 
the  carbon  disulphide  removed  by  distillation  in  steam ;  the  solid 
ketone  was  then  collected  at  the  .pump,  washed  with  sodium  carbonate, 
and  purified  by  crystallisation  from  methyl  alcohol. 

0-2002  gave  0-4773  CO,,  and  0-1153  H2O.     C  =  650;  H  =  6-4. 
CjgHgQOg  requires  C  =  65-l ;  H  =  6-0  per  cent. 

The  determination  of  the  methoxy-groups  gave  the  following 
result  : 

0-1997  gave  0-6868  Agl.     MeO  =  45-7. 

C^gHjoOg  containing  5MeO  requires  MeO  =  46  7  per  cent. 

3  :  4  :  3' :  4' :  b' -Pentamethoxyhenzophenone  crystallises  from  methyl 
alcohol  in  pale  salmon-coloured  ci'ystals  and  melts  at  119 — 120°. 
When  treated  with  hydroxylamine  hydrochloride  and  caustic  potash 
in  the  usual  manner,  it  yields  an  oxime  which  crystallises  from  benzene 
in  white  needles  and  melts  at  143°. 

0-1666  gave  6-3  c.c.  nitrogen  at  16°  and  758  mm.     N-4-4. 
OjgHgiOgN  requires  N  =  4-0  per  cent. 
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1-IIydroxy-^  :  4  :  3' :  4' :  b'-Pentaviethox)jhenzophenone, 
Meq_         OHOMe 

Meo/     /Co/     ^OMe, 

MeO~  " 

and  its  Derivatives  [Victor  John  Harding,  B.Sc.]. 

In  preparing  this  derivative  of  -benzoplienone,  gallyl  chloride  tri- 
methyl  ether  (39  grams)  was  mixed  with  pyrogallol  trimethyl  ether 
(31  grams)  and  heated  in  carbon  disulphide  solution  on  the  water- 
bath  with  aluminium  chloride  (30  grams)  in  the  manner  already 
described  (p.  1664).  The  ketone  was  purified  by  recrystallisation  from 
methyl  alcohol. 

0-1447  gave  0-3290  CO2  and  00734  Hp.     C  =  62-0  ;  H  =  5-6. 
0-1661     „     0-3748  CO2    „    0-0820  H2O.     C  =  62-1  ;  H  =  55. 
C^gHgoOy  requires  C  =  62-l  ;  H  =  5-7  per  cent. 

2-Hydroxy-d  :  4  :  3'  :  4'  :  b' -pentamethoxyhenzojyhenone  melts  at 
133 — 134°,  dissolves  in  dilute  potash  with  an  intense  yellow 
colour,  and  the  solution  in  alcohol  gives  with  ferric  chloride  an 
intense  blood-red  coloration.  These  properties  prove  that  the  sub- 
stance contains  a  hydroxyl  group,  the  presence  of  which  is  due  to 
the  action  of  the  hydrogen  chloride  produced  in  the  above  condensa- 
tion :  the  position  of  this  hydroxyl  group  is  doubtless  that  shown  in 
the  formula  at  the  head  of  this  section. 

The  oxirne,  prepared  by  the  action  of  hydroxylamine  hydrochloride 
and  caustic  potash  in  the  usual  manner,  separates  from  alcohol  in 
feathery  crystals  and  melts  at  178 — 179°. 

0-1609  gave  6-2  c.c.  niti-ogen  at  15°  and  752  mm.      ]Sr  =  4-4. 
CJ8H21O7N  requires  N  =  3-9  per  cent. 

2:3:4:  S'  -A'  :5'-Hexa7nethoxi/benzophenone  is  produced  when  hydroxy- 
pentamethoxybenzophenone  is  treated  with  aqueous  caustic  potash  and 
methyl  sulphate  (p.  1663). 

It  melts  at  121°,  crystallises  fi'om  methyl  alcohol  in  glistening 
prisms,  is  insoluble  in  caustic  potash,  and  gives  no  coloration  when 
ferric  chloride  is  added  to  its  alcoholic  solution. 

0-1867  gave  0-4306  CO2  and  0-0971  H,0.     C  =  62-9  ;  H  =  5-8. 
Cj.jHggOy  requires  C  =  63-0  ;  H  =  6"l  per  cent. 

The  University, 
Manchestek, 
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CLXVIl. — The  Nature  of  Ammoniacal  Copper  Solutions. 

Harry  Medforth  Dawson. 

In  two  previous  papers  (Dawson  and  McCrae,  Trans.,  1900,  77,  1239  ; 
1901,  79,  1072)  experimerital  data  have  been  recorded  which  tend  to 
throw  some  light  on  the  nature  of  aqueous  solutions  of  certain  metal- 
ammonia  compounds.  In  the  former  paper  ammoniacal  solutions  of 
copper,  zinc,  cadmium  and  nickel  salts  were  investigated  and  the  con- 
clusion was  drawn  that  these  metals  form  ammonia  compounds  of  the 
same  type.  The  method  of  investigation  employed  consisted  in 
measuring  the  total  and  free  ammonia  in  the  ammoniacal  solutions. 
The  free  ammonia  was  determined  by  measuring  the  amount  extracted 
when  the  solutions  were  shaken  up  with  chloroform  at  a  definite 
temperature.  The  molecular  i-atio  of  combined  ammonia  to  metal  was 
found  to  vary  between  3' 15  and  4"0.  For  a  given  concentration  of 
the  metallic  salts  the  ratio  was  found  to  increase  with  the  quantity  of 
ammonia  present,  and  with  a  fixed  proportion  of  total  ammonia  to 
metal,  the  molecular  ratio  of  combined  ammonia  was  found  to  increase 
with  the  absolute  concentration.  Dissociation  phenomena  were  thus 
indicated  by  the  experimental  data,  and  it  was  suggested  that  the 
changes  which  take  place  when  ammonia  is  gradually  added  to  a 
solution  of  one  of  these  salts  (for  example,  copper  sulphate)  might  be 
represented  by  the  scheme  : 

CUSO4  +  2NH4OH  =  Cu(0H)2  +  (NHJoSO^ 
Cu(0H)2  +  ^iNHg  ^  Cm^NH3(0H)J 

Cu«NH3(OH)2  +  (NHJ^SO^  -ZH  CuiNHgSO^  +  {n-  2)NH3  +  2H2O, 

n  being  less  than  4  and  probably  equal  to  2.* 

According  to  this  scheme  the  ammoniacal  solution  of  copper  sulphate 
represents  a   complex  system,  in  which  the  copper  is  present  in  the 

form  of  three  different  ions,  OU4NH3,  CuTiNHg,  and  Cu,  the  relative 
proportions  of  these  depending  upon  the  concentration  of  the  solution 
and  the  relative  proportions  of  ammonia  and  copper  salt. 

Since  the  publication  of  these  results,  Locke  and  Forssall  (Amer. 
Ch^m.,  J.,  1904,  31,  268)  have  investigated  ammoniacal  solutions  of 
copper  sulphate,  and  arrived  at  the  conclusion  that  the  copper  in  such 
solutions  is  almost  entirely  present  in  the  form  of  a  very  stable  ion, 

CU4NII3.     The   differences   in   the   value   of  the  molecular  ratio  of 

*  The  value  of  h,  previously  supposed  equal  to  2,  will  not  be  discussed  in  this 
paper. 
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combined  ammonia  to  copper  with  varying  concentration  of  the  solu- 
tions as  found  by  McCrae  and  myself,  are  stated  to  be  due  to  the  fact 
that  the  method  employed  by  us  does  not  give  the  correct  values  for 
the  concentration  of  free  ammonia  in  the  solutions.  The  experimental 
method  of  Locke  and  Forssall,  which  consisted  in  passing  a  curi'ent  of 
electrolytic  gas  through  a  column  of  the  solution  immersed  in  a 
thermostat,  and  measuring  the  amount  of  ammonia  removed  by  a 
known  volume  of  the  gas,  does  not,  however,  differ  essentially  from  the 
mode  of  examination  adopted  by  us.*  It  is  precisely  on  this  account 
that  the  conclusions  deduced  from  the  two  series  of  experimental  data 
might  be  expected  to  agree.  Locke  and  Forssall,  however,  found  that 
the  molecular  ratio  of  combined  ammonia  to  copper  is  constant,  and 
independent  of  the  total  ammonia  concentration,  and  this,  they  point 
out,  is  not  consistent  with  the  view  that  more  than  one  complex 
copper  compound  is  present  in  the  solution.  The  fact  that  the 
experimentally  determined  values  of  the  ratio  NH3  :  Cu  are  considerably 

smaller  than  four,  as  required  by  the  complex  ion  Cu4]S'H3,  is 
supposed  to  be  entirely  due  to  the  smaller  solubility  of  ammonia  in 
ammoniacal  copper  solutions  as  compared  with  pure  water.  Not  only 
is  this  assumption  made,  but  from  the  difference  between  the  required 
molecular  ratio  and  that  actually  found  in  the  case  of  the  least  con- 
centrated copper  solution  examined,  a  measure  of  the  decrease  in  the 
solubility  is  deduced.  By  means  of  the  empirical  formula  suggested 
by  Jahn  {Zeit.  physikal.  Chem.,  1895,  18,  8),  to  express  the  influence 
of  concentration  on  the  lowering  of  the  solubility  of  certain  gases  in 
water  on  the  addition  of  electrolytes,  values  are  then  deduced  as  cor- 
rection factors  for  the  two  more  concentrated  solutions  examined. 
The  actual  values  recorded  by  these  authors  for  the  constant  molecular 
ratio  NH3  :  Cu  are  403,  3-98  and  3-95  for  0-0235,  0-0470  and  0-1175 
molecular  copper  solutions  respectively. 

The  conclusions  drawn  from  numbers  so  obtained  can,  obviously, 
not  be  accepted.  The  value  of  the  correction  introduced  for  the 
diminished  solubility  of  ammonia  in  the  copper  solutions  is,  in  the 
first  instance,  perfectly  arbitrary,  and  the  application  of  Jahn's 
formula  to  solutions  of  ammonia  is  not  justified  by  any  experimental 
evidence.t 

*  It  may  be  noted  that,  according  to  Carveth  and  Fowler  {J.  Physical  Chei)i., 
1904,  8,  313),  exact  measuronionts  of  vapour  pressure  cannot  be  at  all  readily  ob- 
tain('d  by  the  metliod  of  air  l)ubbling.  On  the  other  hand,  Perman  [ibid.,  1905,  9, 
36)  asserts  that  the  method  yields  accurate  results. 

t  More  recent  experiments  haeo  led  to  the  setting  up  of  other  formula;  to  express 
the  influence  of  electrolytes  on  the  solubility  of  non-electrolytes  in  water  (com[)aro 
Rothmund,  Zeit.  physikal.  Chan.,  1900,  33,  401;  Euler,  ibid.,  1904,  49,  303; 
Dawson  and  McCrae,  Trans.,  1901,  79,  493). 
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The  purely  experimeiiLal  results  obtained  by  Locke  and  Forssall  ap- 
peared, however,  to  warrant  a  further  inquiry  into  the  matter,  and  the 
present  investigation  has  been  instituted  with  this  object.  In  the 
first  paper  by  McCrae  and  the  author  {loc.  cit.)  the  primary  object  was 
to  obtain  a  general  survey  of  the  nature  of  the  ammoniacal  solu- 
tions and  to  compare  the  behaviour  of  different  metals  rather  than  to 
ascertain  with  the  maximum  degree  of  accuracy  the  phenomena  in 
the  case  of  any  particular  metal.  The  experiments  described  in  this 
paper,  however,  repi'esent  an  attempt  to  elucidate  the  nature  of 
ammoniacal  solutions  of  copper  sulphate  as  accurately  as  is  possible  by 
the  method  of  examination  employed. 

The  actual  experimental  work  was  carried  out  in  the  manner 
previously  described,  but  in  order  to  obtain  gi-eater  accuracy, 
especially  in  the  case  of  the  more  dilute  solutions,  much  larger 
quantities  of  aqueous  solution  and  of  chloroform  were  employed,  and 
the  thermostat,  in  which  the  experiments  were  made,  was  so  arranged 
that  the  tempei-ature  variations  did  not  exceed  ±  0"025°. 

In  reference  to  the  distribution  of  ammonia  between  pure  water  and 
chloroform,  it  has  already  been  shown  that  the  concentration  ratio 
Choo/^chcis  decreases  with  increasing  ammonia  concentration,  but  the 
relationship  between  these  two  factors  could  not  be  determined  with 
a  desirable  degree  of  accuracy  in  the  case  of  dilute  solutious 
containing  less  than  0'5  mol.  of  ammonia  per  litre  of  aqueous 
solution.  On  this  account,  further  measurements  have  been  made 
according  to  the  improved  experimental  method.  The  data  are 
collected  in  Table  I ;  c  and  c'  denote  the  molar  concentration  of 
ammonia  in  water  and  chloroform  respectively,  and  h  the  distribution 
ratio  =  cjc.  The  temperature  at  which  all  expei'iments  were  made  was 
19-5°. 

Table  I. 

c     0-1540         0-1885         0-2011         0-2074         0-3336       0-3958       0-4898 
c'    0-005919     0-007283     0-007759     O-OOSO'28     0-01299     0-01545     0-01923 
h  26-01  25-87  25-92  25-83  25-67         25-61         25-46 

c     0-5207        0-6247         0-6674        0-7554        0'8796 
c'    0-02043       0-02463       0-02646       0-03005       0-03522 
k  25-49  25-36  25-23  25-14  24-98 

If  the  values  of  k  are  graphically  represented  as  a  function  of  c , 
the  points  so  obtained  lie  very  approximately  on  the  straight  line 
corresponding  to  the  equation  : 

A;  =  26-16- 34-14  c (1) 

The  supposed  deviations  from  this  linear  relationship,  indicated  by  the 
earlier  experiments  at  small  ammonia-concentrations,  are  not  confirmed 
by  these  more  accurate  measurements. 
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Before  a  knowledge  of  the  ratio  of  distribution  of  ammonia  between 
water  and   chloroform   can    be   utilised  to  determine  accurately  the 
quantity  of  free  ammonia  in  ammoniacal  solutions  of  copper  sulphate 
several  points  require   consideration.      Firstly,  water  and  chloroform 
represent  a  pair  of  liquids   which   at  the   ordinary    temperature  are 
slightly  miscible.     According  to  Herz  (Ber.,  1898,  31,  2669),  at  22°, 
100  c.c.  of  water  dissolve  0"420  c.c.  of  chloroform  and  give  100'39  c.c.  of 
solution,  whilst  100  c.c.  of  chloroform  dissolve  0'152  c.c.  of  water  and 
the  volume  of  the  solution  is  99 '62   c.c.     The  extent  of  this  mutual 
solubility  is  no  doubt  altered  when   ammonia   is   present  in  the  two 
liquids    and    copper    salt    in    the    water.     Secondly,    when    a   copper 
sulphate  solution  of  definite  concentration  is  shaken  up  with  chloro- 
form, this  concentration  will  undergo  a  slight  change,  the  amount  of 
which  depends  at  a  given  temperature  on  the  original  concentration 
and  on  the  relative  volumes  of   the  solution  and  of  chloroform  which 
are  brought  together.     In  ammoniacal  solutions  the   change  of  con- 
centration from  this  cause  will  also  no  doubt  depend  on  the  ammonia 
concentration.       This    change    of    concentration    cannot    be    directly 
ascertained    from    the    data    which   measui'e   the   miscibility    of  pure 
water  and  pure  chloroform,  for  the  mutual  solubility  is  altered  by  the 
presence  of  the  foreign  substances  (ammonia  and  copper  salt)  in  the 
two  liquids.     Thirdly,  the  influence  which  the  dissolved  copper   com- 
pound (or  compounds)  exerts  on  the  distribution  of  the  free  ammonia 
between    water   and   chloroform   must  be   taken   into  account.     This 
influence  is  no  doubt  very  considerable  and  an  accurate  knowledge  of 
it  is  necessary  for  the  determination  of  the  true  values  of  the  combined 
ammonia,  but  its  magnitude  cannot  be  determined   by  direct  experi- 
ment.    On  the  basis  of  the  numerous  data  already  obtained  for  salts 
of  the  alkali  metals  (Dawson  and  McCrae,  Trans.,  1901,  79,  493),  it 
may  be  inferred,  however,  that  the  direction  of   this  influence  is  such 
that    the   relative    solubility   of   the   free   ammonia    in   the  water  is 
diminished.    In  the  case  of  these  salts,  it  is  improbable  that  the  effect 
of  the  dissolved  electrolyte  is  complicated  to  any  appreciable  extent  by 
chemical    interaction    with    the    ammonia.      The    magnitude    of    the 
influence  is  dependent  on  the  nature  of  the   component  ions  and  is 
additive   in   character.     The   carbonates,  sulphates,  and   oxalates   are 
much   moi'e   active  than   the   iodides,   bromides,  and  nitrates  of  the 
same  metal. 

The  experimental  method,  having  regard  to  the  first  two  disturbing 
factors,  may  now  be  considered.  If  the  relative  volumes  of  water 
and  chloroform  are  suitably  chosen,  the  volume  of  the  aqueous  solution 
will  not  bo  altered  after  shaking  with  (Oiloroform.  Utilising  Herz's 
data,  it  (lan  be  easily  shown  that  the  voluino  of  cliloroform  which 
must  be  shaken  up  with  100  c.c.  of  water,  in  order  that  this  condition 
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100     /  ^        (100)2  \ 
may  be  satisfied,  is  given  by  the  equation  :  x  =  Tfr^  (  '■^^  ~  iTkVSQ  /' 

from  which  re  =  256  c.c.  If  we  assume  that  the  ammonia  and  copper 
salt  do  not  appi-eciably  affect  the  mutual  solubility  of  the  two  liquids, 
it  follows  that,  by  employing  ammoniacal  copper  solutions  and  chloro- 
form in  the  volume  ratio  1  :  2"56,  the  concentration  of  the  dissolved 
copper  will  be  unchanged.  This  conclusion  and  the  somewhat  arbitrary 
assumption  involved  were  submitted  to  the  test  of  experiment.  Sixty 
c.c.  of  an  ammoniacal  copper  sulphate  solution  (NHg  =  1-00 
Cu  =  0*0501  mol.  per  litre)  were  shaken  up  with  150  c.c.  of  chloroform 
and  the  resulting  aqueous  solution  was  found  to  contain  0'0502  mol. 
Cu  per  litre.  The  concentration  of  the  dissolved  copper  is  evidently 
unaltered  in  these  circumstances,  and  in  the  experiments  to  be 
described  the  relative  volumes  were  chosen  in  accordance  with  this 
condition. 

In  respect  of  the  third  disturbing  factor,  it  has  already  been  found 
that  the  influence  of  alkali  salts  on  the  ammonia  distribution  is 
proportional  to  their  concentration.  This  proportionality  has  been 
confirmed  by  a  new  series  of  more  accurate  experiments  with  sodium 
sulphate.  In  these  experiments,  the  ammonia  concentration  in  the 
chloroform  was  very  nearly  constant  and  equal  to  0'015  mol.  per  litre, 
for  which  concentration  the  distribution  ratio  in  the  case  of  pure 
water  k  is  equal  to  25"64.  In  the  table,  the  sodium  sulphate  (m)  and 
ammonia  (c  and  c)  concentrations  in  mol,  per  litre  are  given  in  the 
first,  second,  and  third  columns  ;  the  fourth  contains  the  values  of  the 
distribution  ratio  k',  the  fifth  the  values  of  (k  -  k')/m.  For  the  purpose 
of  comparison,  the  values  oi  k  —  k'jm^  are  also  given. 


Table  II. 

m.  c  (HgO).  c' (CHCI3).            //.  k-k'/m.  k-k'/mK 

0-156  0-3694  0-01534  24-07  10-05             5-41 

0-313  0-3411  0-01512  2-2-56  9-84             6-68 

0-469  0-3196  0-01512  21-13  9-62             7-47 

The  values  oi  k  —  k'/m  are  very  nearly  constant  and  indicate  that 
the  "  salting-out  "  effect  is  very  approximately  proportional  to  the 
concentration  of  the  dissolved  salt,  and  not  to  the  (concentration)  3  as 
was  gratuitously  assumed  by  Locke  and  Forssall  in  the  case  of  the 
vapour  pressure. 

In  a  second  series  of  experiments  the  concentration  of  the  sodium 
sulphate  was  in  every  case  0*3 13  mol.  per  litre,  whilst  the  ammonia 
concentration  was  varied. 
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Table  III. 

c  (HgO).  c' (CHCI3).  i"  (from  equation  1).  k'.  k-Tc'jm. 

0-1755  0-007668  25-90  22-88  9-65 

0-3411  0-01512  25-64  22-56  9-84 

0-6543  0-02956  25-15  22-14  9-62 

The  numbers  indicate  that  the  "salting-out"  action  of  the  sodium 
sulphate  is  independent  of  the  ammonia  concentration  within  the 
limits  of  concentration  employed. 

On  the  basis  of  these  experimental  results  the  distribution  ratio  k' 
of  ammonia  between  an  aqueous  solution  of  an  electrolyte  and 
chloroform  may  be  expressed  by  the  equation  : 

jfc'  =  A;-8m  =  26-16-34-U  c  -  hn (2) 

in  which  c  is  the  ammonia  concentration  in  the  chloroform,  w  the 
concentra,tion  of  the  electrolyte  in  the  aqueous  solution,  and  8  the 
"salting-out  "  effect  produced  by  the  electrolyte  at  a  concentration  of 
1  mol.  per  litre. 

By  means  of  this  equation  the  concentration  of  the  free  ammonia  in 
an  aqueous  solution  of  the  electrolyte  can  be  determined,  and  if  the 
total  ammonia  concentration  is  known,  the  combined  ammonia  is  given 
by  the  difference.  For  the  molecular  proportion  of  combined  ammonia 
in  an  ammoniacal  copper  solution,  we  have  then  . 

•AT  1       J.-    Combined  NH„         c  —  k'c      c  —  kc   ,  ,>  ,  /r,\ 

Mol.  ratio ^   =    = +oc    ....  (3) 

Cu  m  m 

The  value  of  8,  which  measures  the  "  salting-out  "  or  ammonia  dis- 
placing effect  of  the  dissolved  cupiuammonia  compound,  is,  of  course, 
unknown,  but  the  calculation  of  the  combined  ammonia  may  be  carried 
out  with  two  limiting  values  of  8,  such  that  the  true  value  is  in  all 
probability  intermediate.  As  a  lower  limit  8  =  0  has  been  taken,  and 
as  a  higher  limit  8=10,  which  is  the  value  found  in  the  case  of  sodium 
sulphate,  and  represents  an  ammonia  displacing  power  of  considerable 
magnitude. 

Before  the  experimental  numbers  are  communicated,  it  may  be 
noted  that,  according  to  equation  (3),  the  measurement  of  the  combined 
ammonia  depends  on  the  difference  between  two  quantities,  both  of 
which  increase  with  increasing  total  ammonia  concentration.  For  this 
reason  the  accurate  determination  of  combined  ammonia  in  the  case  of 
solutions  containing  considerable  excess  of  ammonia  is  impracticable. 
On  the  other  hand,  the  concentration  of  ammonia  in  the  chloroform  is 
so  small  in  the  case  of  aqueous  solutions  containing  little  free  ammonia 
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that  a  limit  to  the  accurate  experimental  determination  uf  combined 
ammonia  is  also  fixed  in  this  direction.  These  considerations  have 
determined  the  limits  of  the  investigation  which  on  general  grounds 
has  been  confined  to  dilute  solutions. 

Four  series  of  experiments  have  been  carried  out  in  which  the  con- 
centration of  the  copper  salt  was  respectively  0'0125,  0025,  005,  and 
0"10  mol.  per  litre.  In  each  of  these  series  the  ammonia  concentra- 
tion was  varied,  the  extreme  values  for  the  molecular  ratio  NHg :  Cu 
being  5 '5  and  24.  In  most  cases,  the  experiments  were  made  in 
duplicate.  In  the  table  the  successive  columns  contain  (1)  the 
ammonia  concentration  of  the  aqueous  solution  in  mols.  per  litre,  (2) 
the  molecular  ratio  of  total  ammonia  to  copper,  (3)  the  ammonia  con- 
centration of  the  chloroform  solution,  (4)  the  distribution  ratio  k 
calculated  from  equation  (1),  and  (5)  the  molecular  ratio  of  combined 
ammonia  to  copper  calculated  for  8  =  0  and  8=10  according  to  equa- 
tion (3). 

Table  IV. 

Concentration  of  Copper,  0*0125  mol.  per  litre. 


Mol. 

ratio, 

Mol.  ratio, 
total  NHj/Cu. 

Combined  NH3/C11. 

NH3  (H20). 

NH3(CHCl3). 

k. 

S  =  0. 

3  =  10. 

0-1042 

8-34 

0-002438 

26-08 

3-25 

3-27 

0-1055 

8-44 

0-002479 

26-08 

3-27 

3-29 

0-1975 

15-80 

0-005940 

25-96 

3-46 

3-52 

0-2001 

1601 

0-006040 

25-96 

3-46 

3-52 

0-2981 

23-84 

0-009860 

25-82 

3-46 

3-56 

Concenirat 

ion  of  Copper, 

0-025  mol 

.  /)er  litre. 

0-1754 

7-02 

0-00347 

26-04 

3-40 

3-43 

0-1776 

7-10 

0-00358 

26-04 

3-37 

3-41 

0-2169 

8-68 

0-00500 

25-99 

3-48 

3-53 

0-2177 

8-71 

0-00502 

25-99 

3-49 

3-54 

0-3799 

15-20 

0-01121 

25-78 

3-64 

3-75 

0-3800 

15-20 

0-01123 

25-78 

3-62 

3-73 

Concentration  of  Copper, 

0-05  mol. 

l)er  litre. 

0-3042 

6-08 

0-00492 

25-99 

3-53 

3-58 

0-3367 

6-73 

0-00613 

25-95 

3-55 

3-61 

0-3370 

6-74 

0-00616 

25-95 

3-54 

3-60 

0-5572 

11-14 

0-01466 

25-66 

3-62 

3-77 

0-5590 

11-18 

0-01463 

25-66 

3-67 

3-82 

0-5964 

11-93 

0-01605 

25-61 

3-70 

3-86 

0-8521 

17-04 

0-02658 

25-25 

3-61 

3-88 

Concentration  of  Copper 

0-10  mol. 

per  litre. 

0-5476 

5-48 

0-00711 

25-92 

3-64 

3-71 

0-5486 

5-49 

0-00710 

25-92 

3-65 

3-72 

0-9488 

9-49 

0-02275 

25-38 

3-71 

3-94 

0-9605 

9-60 

0-02315 

25-37 

3-73 

3-96 
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In  regard  to  the  two  series  of  numbers  in  column  (5),  it  is  to  be 
noted  tliat  the  true  values  of  the  combined  ammonia  are  in  all  prob- 
ability intermediate  to  the  two  values  given.  Although  the  I  rue 
values  ai*e  not  determinable  by  the  experimental  method  employed  in 
this  investigation,  yet  the  numbers  indicate  with  certainty  that,  for 
a  given  copper  concentration,  the  molecular  ratio  of  combined  ammonia 
to  copper  increases  with  increase  in  the  total  ammonia  concentra- 
tion. The  variation  of  the  proportion  of  combined  ammonia  for  a 
given  alteration  in  the  ammonia  concentration  is  evidently  greater 
when  the  ammonia  displacing  influence  of  the  dissolved  complex 
compound  is  taken  into  account  in  the  calculation. 

The  following  numbers,  which  are  interpolated  from  the  data  in  the 
previous  table,  show  the  variation  of  the  proportion  of  combined 
ammonia  with  the  concentration  of  the  solution  when  the  ratio  of 
total  ammonia  to  copper  is  kept  constant. 


Table  Y. 

Mol.  ratio, 
Concentration  of  combined  NHg/Cu. 

copper  salt,  Mol.  ratio,  >■ " 

mol.  per  litre.  total  NHg/Cu.  5  =  0.  5  =  10. 

0-0125  8-0  3-25  3-27 


0  025  8-0  3-43  3-49 

0-05  8-0  3-58  3-67 

0-10  8-0  3-69  3-86 

It  is  clear  that  with  increasing  dilution  the  proportion  of  combined 
ammonia  decreases  to  a  considerable  extent,  and  the  variation  is 
greater  when  it  is  assumed  that  8=  10  than  when  8  =  0. 

Some  experiments  carried  out  with  solutions  of  the  crystalline  salt, 
CuS04*4NH3,H20,  may  now  be  described.  The  cupriammonia  sul- 
phate was  prepared  according  to  the  method  described  by  Andre 
{Compt.  rend.,  1885,  100,  1138)  by  passing  ammonia  into  a  con- 
centrated and  well-cooled  solution  of  copper  sulphate,  washing  the 
separated  crystals  with  aqueous  ammonia  and  drying  over  lime. 
Analysis  of  the  crystals  gave  Cu  =  25-85,  NH3  =  27-86,  the  formula 
requiring  Cu  =  25-85  and  NH„  =  27-76  per  cent. 

Concentrated  solutions  of  this  salt  appear  to  be  quite  stable,  but  on 
dilution  precipitation  takes  place.  A  freshly-prepared  solution  con- 
taining approximately  0-1  mol.  per  litre  appears  to  be  optically  clear, 
but  care  must  be  taken  in  the  preparation  of  the  solution  if  the  forma- 
tion of  a  precipitate  is  to  be  avoided.  On  standing  for  some  days,  a 
jiortion  of  the  copper  is  precipitated  from  such  a  solution.  It  was  of 
some  interest  to  determine  the  proportion  of  combined  auimonia  in 
these  solutions,   and   two   freshly -prepared   approximately   O'l   molar 
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solutions  were  examined,  the  data  obtained  being  given  in  the  follow- 
ing table.  In  the  case  of  the  second  solution,  the  copper  concentra- 
tion was  determined  both  before  and  after  shaking  with  chloroform. 
The  difference  in  the  two  values  indicates  that  a  small  proportion  of 
the  copper  was  removed  from  the  aqueous  solution  by  the  process  of 
extracting  with  chloroform,  and  it  is  possible  that  this  represents 
copper  already  present  in  the  form  of  colloidal  or  suspended  copper 
hydroxide.  In  the  intei'pretation  of  the  experimental  data,  this  possi- 
bility must  be  kept  in  mind. 


Copper 
coucentratioD. 
0-1021 
/  0-0990  (before 
"l  0-0985  (after 

Table  YI. 

NH3  (HoO).       NH3  (CHCL). 
0-4044                 0-001995 
expt.)    0-3918                 0-00210 
„     )    0-3918                 0-00210 

Mol.  ratio, 
combined  NHj/Cu. 

5  =  0. 
3-45 
3-40 
3-42 

8  =  10. 

3-47 

3-42\ 

3-44/ 

The  values  of  the  ratio  of  combined  ammonia  to  copper  indicate 
that  an  aqueous  solution  of  the  substance  CuSO^'ilSTHgiH^O  contains  a 
considerable  quantity  of  free  ammonia  resulting  from  the  dissociation 
of  the  complex  compound,  and  the  data  agree  satisfactorily  with  those 
obtained  in  the  examination  of  solutions  containing  larger  quantities 
of  ammonia. 

The  observations  recorded  in  this  paper  lead  the  author  to  conclude 
that  the  view  of  Locke  and  Forssall,  according  to  which  ammoniacal 
solutions  of  copper  sulphate  contain  copper  exclusively  in  the  form  of 

a  stable  complex  ion,  Cu*4NH3,  is  untenable. 

In  concentrated  solutions  or  solutions  containing  considerable  excess 
of  ammonia,  the  copper  appears  to  be  present  very  largely  in  the  form 
of  this  ion,  but  on  dilution  of  the  solution  or  decrease  in  the  relative 
proportion  of  the  ammonia,  this  complex  ion  undergoes  dissociation 
with  the  separation  of  ammonia,  the  process  leading  ultimately  to  the 
precipitation  of  copper  hydroxide  from  solution.  Although  the  exact 
nature  of  the  changes  is  not  yet  known,  yet  the  experimental  facts 
are  in  agreement  with  the  equations  on  p.  1666.  It  is  hoped  that 
experiments  which  are  in  progress  will  throw  further  light  on  the 
nature  of  this  complex  system. 

The  University, 
Leeds. 
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CLXYlll.—A  Development  of  the  Atomic  Theory  which 
Correlates  Chemical  and  Crystalline  Structure 
and  leads  to  a  Demonstration  of  the  Nature  of 
Valency. 

By  William  Barlow  and  William  Jackson  Pope. 

The  morphotropic  relationships  observed  between  related  chemical  sub- 
stances, fragmentary  as  they  are,  indicate  convincingly  that  crystal 
structure  is  a  function  of  chemical  constitution,  although  no  satis- 
factory suggestion  as  to  the  nature  of  this  function  has  yet  been  made. 
Further,  the  simple  character  and  wide  applicability  of  the  doctrine  of 
valency  suggests  that  valency  is  capable  of  a  perfectly  definite  physical 
interpretation  ;  the  failure  of  the  njimerous  attempts  which  have  been 
made  to  convert  the  docti"ine  of  valency  into  a  concept  comparable  in 
definiteness  with  the  atomic  theory  does  not  weaken  the  conviction  as 
to  its  possibility. 

The  determination  of  the  nature  of  valency  and  of  the  connexion 
existing  between  chemical  constitution  and  crystal  foi-m  is  a  problem 
affecting  the  foundations  of  both  chemistry  and  crystallography.  By 
adopting  a  very  simple  fundamental  conception  as  to  the  nature  of  the 
environment  of  the  atoms  in  a  chemical  molecule  which  will  be  accept- 
able to  the  chemist  and  applying  to  it  methods  of  treatment  which  will 
be  acceptable  to  both  crystallographer  and  chemist,  we  find  ourselves 
able  to  offer  a  scheme,  which,  whilst  in  entire  harmony  with  current 
views  of  molecular  constitution,  indicates  quantitatively  the  relation 
of  chemical  constitution  and  crystalline  form  for  any  compound  sub- 
stance, and  interprets  valency  as  a  simple  volume  relation. 

The  fundamental  conception  which  forms  the  basis  of  the  present 
work  is  briefly  stated  below,  and  this  statement  is  followed  by  a  discus- 
sion in  which  the  conception  is  expanded  or  developed  into  a  form  sus- 
ceptible of  treatment  by  the  geometrical  methods  of  crystallography, 

Tlie  Fimdamental  Conception. 

Each  chemical  atom  present  in  a  compound  occupies  a  distinct  por- 
tion of  space  by  virtue  of  an  influence  which  it  exerts  uniformly  in 
every  direction.  The  domain  of  a  chemical  molecule  is  the  space-unit 
consisting  of  one  or  more  of  these  distinct  portions  of  space,  obtained 
by  homogeneously  sub-dividing  into  units  a  homogeneous  structure 
built  up  of  the  spheres  of  influence  of  a  number  of  associated  atoms. 
The  form  of  aggregation  of  the  spheres  of  influence  of  tlio  atoms  thus 
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associated  in  a  molecule  constitutes  the  stereometric  arrangement  of 
these  atoms  and  thus  the  chemical  molecule  acquires  a  definite  shape. 
A  crystal  is  the  homogeneous  structure  derived  by  the  symmetrical 
arrangement  in  space  of  an  indefinitely  large  number  of  spheres  of 
atomic  influence.* 


Development  of  the  Fundamental  Conception. 

A  mechanical  assemblage  of  the  nature  contemplated  by  the  above 
fundamental  conception  may  be  a  stable  one  if  subject  to  the  operation 
of  two  opposing  influences  acting  between  the  atomic  centres,  namely, 
(1)  a  repellent  force,  which  may  be  attributed  to  the  kinetic  energy  of 
the  atoms,  (2)  an  attractive  force  of  the  nature  of  gravity.  The 
simplest  premise  is  that  these,  and  no  other  opposing  forces,  are  opera- 
tive. The  nature  of  the  equilibrium  in  such  an  assemblage  is  repre- 
sented by  the  hypothesis  that  space  is  filled  by  spheres  of  atomic 
influence  which  are  in  mutual  contact  at  their  boundaries  ;  for  most 
practical  purposes  it  suffices  to  regard  the  assemblage  as  in  static  equi- 
librium under  the  influence  of  the  two  opposing  forces,  although  the 
spheres  of  atomic  influence  are  doubtless  the  seat  of  considerable 
activity  of  movement. 

It  is  noteworthy  that  the  assumption  of  simultaneously  operative 
attractive  and  repulsive  forces  acting  between  the  atoms  has  been 
made  in  every  serious  attempt  to  visualise  atomic  and  molecular  action. 
Boscovich  in  1758  premised  that  the  atoms  are  held  apart  and  at 
equilibrium  distances  as  the  result  of  an  equilibrium  established 
between  the  attractive  and  repulsive  forces  acting  between  them ;  by 
postulating  the  existence  of  similar  forces  acting  between  the  mole- 
cules of  gases  and  liquids,  van  der  Waals  has  more  recently  succeeded 
in  accounting  almost  perfectly  for  the  physical  behaviour  of  fluids. 
The  conclusion  that  the  atoms  appi-opriate  distinct  and  characteristic 
portions  of  space  in  the  manner  now  premised  has  been  rendered  un- 
questionable by  the  unique  comparative  work  of  Tutton  on  the  alkali 
sulphates  and  double  sulphates  and  the  corresponding  selenates. 
(Compare  also  Sollas,  Proc.  Roy.  Soc,  1898,  63,  271.) 

The  attractive  forces  acting  between  the  atoms  will  cause  the 
portions  of  space  which  they  respectively  appropriate,  supposed  as 
spherical   as   possible,   to   be   in   contact   one   with  another,    at   the 

*  The  meaning  attached  to  the  term  "homogeneous"  in  the  present  paper  is 
indicated  by  the  following  definition  :  a  homogeneous  structure  or  assemblage  is 
one  in  which  every  point  or  unit  possesses  an  environment  identical  with  that  of  an 
infinitely  large  number  of  other  similar  poiuts  or  units  in  the  assemblage  if  the 
latter  is  regarded  as  indefinitely  extended  throughout  space  (compare  Barlow,  Min. 
Mag.,  1897,  11,  120;  Sci.  Proc.  Roy.  Dull.  Soc,  1897,  8,  528). 
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maximum  number  of  points  ;  and  as  a  result  of  this  the  atoms  com- 
posing a  chemical  molecule  will  lie  as  closely  together  as  possible  whilst 
the  molecules  themselves  will  also  pack  closely  together  into  the 
minimum  compass.  In  other  words,  the  spheres  of  influence  of  the 
atoms  composing  a  molecule  will  be  forced  into  such  relative  positions 
as  will  permit  of  the  molecules  themselves  packing  together  closely. 
The  total  effect  produced  is  thus  one  corresponding  to  that  of  a 
uniform  compression  exerted  upon  a  concourse  of  elastic  bodies  in 
contact,  the  necessary  result  of  which  would  be  to  leave  a  minimum  of 
interstitial  space. 

Now  the  maximum  closeness  of  packing  of  a  number  of  similar 
bodies  is  commonly  attained  in  some  homogeneous  arrangement  of 
them,  that  is,  in  some  arrangement  in  which  the  distribution  of  the 
structural  units  is  the  same  about  every  unit.  And,  since  all  crystal- 
line structures  are  homogeneous  assemblages  built  up  of  certain  units, 
which  units  we  conceive  to  be  the  chemical  molecules,  we  develop  from 
our  fundamental  conception  the  view  that  a  crystalline  strvicture  is  a 
close-packed,  homogeneous  assemblage  of  the  spheres  of  influence  of 
the  component  atoms. 

The  close-packed,  homogeneous  assemblage  of  spheres  of  atomic 
influence  derived  by  the  comparatively  simple  process  of  development 
just  indicated  is  partitionable,  homogeneously,  into  cells  which  are  all 
exactly  similar  and  each  of  which  contains  a  chemical  molecule.  The 
essential  feature  of  the  new  method  of  investigation  introduced  in  the 
present  paper  is  the  formation  of  close-packed  assemblages  corre- 
sponding to  different  chemical  compounds  and  the  study  of  the  par- 
titionings  of  them  which  can  be  effected.  Inasmuch  as  the  close- 
packed  assemblage  must  coincide  in  symmetry  and  relative  dimensions 
with  the  crystalline  structure  of  the  substance  represented,  our  method 
may  be  checked  to  a  large  extent  quantitatively  by  reference  to  the 
crystallographic  measurements  ;  and  since  the  assemblage  itself  can  be 
partitioned  into  units  identical  in  composition,  configuration,  and  shape 
with  the  chemical  molecule,  the  study  of  this  partitioning  at  once 
reveals  a  number  of  important  geometrical  properties  of  the  molecule. 
Many  of  these  properties  furnish  immediate  explanations  of  observed 
peculiarities  of  chemical  behaviour,  such  as  those  relating  to  tauto- 
meric or  isodynamic  compounds,  to  substitution  in  aromatic  nuclei,  and 
the  like.  In  the  present  work,  the  necessity  never  arises  for  intro- 
ducing the  common  conception  that,  within  tl)0  molecule,  the  portions 
of  space  appertaining  to  different  atoms  overlap — that,  like  figure- 
skaters  associated  in  the  production  of  some  complex  figure,  the 
different  atoms  follow  paths  which  cross  or  interweave— and  thereby 
give  rise  to  tautomerism  and  intermolocular  change.  Further,  the 
ambit    of    this    inquiry    does    not    involve   the   assumption    tliat    the 
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individual  atoms  possess  polarity,  although  the  derived  cluster  or 
molecule  may,  and  indeed  often  does,  exhibit  polarity  as  a  conse- 
quence of  the  arrangement  of  the  atoms. 

The  construction  of  close-packed  assemblages  representing  molecular 
complexes  by  the  packing  together  of  the  spheres  of  atomic  influence 
of  various  elements  naturally  involves  the  assignment  of  specific 
volumes  or  diameters  to  the  latter.  It  might  therefore  seem  at  first 
sight  that  fresh  assumptions  defining  these  volumes  are  necessary,  and 
that  these  would  be  as  axiomatic  in  character  as  is  our  fundamental 
conception  ;  this,  however,  is  not  the  case,  and  for  a  reason  which 
will  be  fully  developed  later,  but  which  may  be  indicated  briefly 
here. 

On  studying  the  methods  by  which  one  close-packed  homogeneous 
assemblage  of  spheres  maybe  converted,  geometrically,  by  substitution 
of  certain  of  its  parts,  into  related  close-packed  homogeneous  as- 
semblages, geometrical  properties  governing  the  substitution  become 
revealed  which  are  of  perfectly  general  applicability  and  which  lead  at 
once  to  a  geometrical  interpretation  of  valency.  These  geometrical 
properties  are  discussed  later,  but  one  must  be  noted  here.  It  is  that 
if  some  set  of  spheres  in  the  assemblage  is  to  be  replaced  by  another 
set  which  is  to  occupy  the  same  cavities,  and  in  such  a  way  that  the 
new  and  also  homogeneous  assemblage  shall  retain  the  same  general 
arrangement  of  parts  and  the  same  density  of  packing  as  the  old  one, 
the  total  solid  volume  of  the  substituting  and  substituted  spheres 
must  be  almost  the  same.  Thus,  for  instance,  in  the  close-packed 
homogeneous  assemblage  representing  benzene,  groups  are  found  of 
three  hydi'ogen  spheres,  one  of  the  three  spheres  belonging  to  each  of 
three  adjacent  molecules ;  if  one-sixth  of  these  groups  are  to  be 
symmetrically  replaced  each  by  one  nitrogen  sphere,  so  as  to  produce  the 
assemblage  for  triphenylamine,  the  sphere  representing  nitrogen  must 
have  about  three  times  the  volume  of  that  representing  hydrogen.  If 
these  relative  volumes  are  chosen,  the  replacement  can  be  effected  so 
that  close-packing  and  homogeneity  are  retained  practically  unim- 
paired ;  if  other  relative  volumes  are  assigned  to  the  spheres  repre- 
senting nitrogen  and  hydrogen,  the  derived  assemblage  cannot  be 
rendered  homogeneous  and  as  close-packed  as  before  without  such  a 
re-arrangement  of  its  parts  that  it  no  longer  represents  chemically 
the  triphenyl  derivative  of  ammonia. 

The  ordinary  law  of  valency  is  thus  merely  an  interpretation  of  a 
simple  geometrical  property  of  close-packed  homogeneous  assemblages 
of  spheres;  the  other  aspects  of  valency,  such  as  multivalency, 
the  valency  of  compound  radicles,  etc.,  are,  as  will  appear  later, 
also  directly  traceable  to  simple  geometrical  properties  of  such 
assemblages. 
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To  pi'event  misunderstanding,  three  remarks  must  at  once  be  made 
concerning  this  application  of  geometrical  principles.  First,  it  is  not 
to  be  supposed  that  the  whole  numbers  by  which  we  ordinarily  repre- 
sent the  valency  of  the  different  elements  stand  precisely  in  the  ratios 
of  the  volumes  of  the  spheres  of  atomic  influence ;  these  numbers  are 
merely  approximations  and  the  spheres  of  atomic  influence  of  the 
univalent  elements,  for  instance,  are  not  quite  the  same.  Indeed, 
peculiarities  in  the  types  of  combination  occurring  between  allied 
elements  of  the  same  valency  may  be  traced  to  slight  deviations  from 
this  geometrical  interpretation  of  the  valency  numbers.  Secondly,  the 
volume  ratios  of  the  spheres  of  influence  of  different  elements  do  not 
remain  quite  constant  under  changes  of  condition ;  thus,  differences 
exhibited  between  the  types  of  combination  effected  between  two 
given  elements  at  different  temperatures  may  be  traced  to  slight 
differences  in  the  relative  rate  of  increase  of  the  volumes  of  the  atomic 
spheres  of  influence  as  the  temperature  rises.  Thirdly,  in  passing 
from  compound  to  compound,  the  absolute  magnitudes  of  the  spheres 
of  atomic  influence  often  change  considerably,  although  the  relative 
magnitudes  are  but  slightly  affected. 

These  three  remarks  are  not  the  direct  outcome  of  the  fundamental 
conception,  but  are  the  result  of  a  consideration  of  the  observed  facts 
in  the  light  of  that  conception.  The  third  is  of  importance  in  connex- 
ion with  the  theoiy  of  molecular  volumes,  in  that  it  indicates  that  the 
molecular  volume  is  not  an  additive  property  which  can  be  summed  up 
from  component  atomic  volumes  in  the  simple  manner  attempted  in 
the  past.  An  example  which  will  make  this  clear  may  be  drawn  from 
the  data  (p.  1699)  relating  to  benzene  and  its  derivatives  containing 
halogen.  It  is  there  shown  that,  taking  the  spheres  of  atomic  influence 
of  carbon  as  of  volume  four,  those  of  hydrogen,  chlorine,  and  bromine, 
as  of  volume  one,  benzene  and  its  per-halogen  derivatives  are 
characterised  by  presenting  an  almost  identical  spatial  arrangement  of 
the  component  spheres  of  atomic  influence.  Now  this  could  not  be 
the  case  if  the  atoms  of  carbon,  hydrogen,  chlorine,  and  bromine, 
in  these  compounds  actually  appropriated  respectively  the  atomic 
volumes  11-0,  5-5,  22-8,  and  27 "8  stated  by  Kopp.  The  inter- 
pretation of  the  evidence  adopted  in  this  paper  is  that  in  benzene 
of  molecular  volume  77 "4  and  tetrabromobenzene  of  molecular  volume 
130"2,  the  sphere  of  influence  of  the  carbon  atom  is  about  four  times 
as  large  as  those  of  either  hydrogen  or  bromine ;  but  that  on  intro- 
ducing the  bromine  atoms  into  the  benzene  molecule  the  volumes  of 
the  spheres  of  influence  of  both  carbon  and  hydrogen  expand  propor- 
tionally in  the  ratio  of  77-4: 130-2  (compare  Thorpe,  Trans.,  1893, 
63,811). 

The  rational  character  of  the  conclusion  now  drawn  is  well  illus- 
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trated  by  the  axial  ratios  and  molecular  volumes  of  potassium  and 
caesium  sulphates  (Tutton,  Trans.,  1905,  87,  1188). 

K0SO4    Mol.  vol.  =:64-91.     «:  Z*  :  c  =  0-5727  :  1  :  07418. 

CS0SO4  ,,         =84-58.     «:&:  c  =  0-5712  :  1  :  0-7531. 

It  will  be  seen  that  in  passing  from  potassium  to  cpesium  sulphate 
the  molecular  volume  increases  by  about  one-third,  whilst  the  axial 
ratios  remain  almost  unchanged  ;  it  is  inconceivable  that  this  close 
adherence  to  the  type  would  survive  a  large  increase  in  size  of  only 
one  constituent  atom  of  the  molecule,  but  if,  as  we  now  conclude,  the 
substitution  of  caesium  for  potassium  merely  expands  the  whole  mole- 
cule uniformly  from  the  volume  64'91  to  84"58,  the  spheres  of 
influence  of  the  atoms  of  different  valency  preserving  the  same 
ratios,  the  retention  of  the  original  crystalline  structure  would  be 
expected. 

During  recent  years  much  attention  has  been  devoted  to  the  study 
of  the  so-called  "topic  axial  ratios"  of  crystalline  substances,  these 
values  being  calculated  in  the  most  general  case  of  an  anorthic 
substance  from  the  axial  ratios,  a  :  1  :  c,  the  interaxial  angles,  a,  /8,  and 
y,  and  the  molecular  volume,  F,  by  means  of  the  formulae. 


:=y 


c  sin  a  sin  fi  sin  y 

If  proper  axial  directions  are  selected,  and  if  proper  multiples  of  the 
axial  ratios  are  used  in  calculating  the  topic  axial  ratios,  a',  h',  and  c , 
and  a",  h",  and  c"  of  two  comparable  substances,  the  ratios  a  :  a",  h' :  h", 
and  c' :  c",  represent  the  relative  distances  at  which  the  units  of  the 
structures  are  distributed  in  space  in  the  three  axial  directions,  a,  h, 
and  c,  respectively.  The  topic  axial  ratios,  however,  have  no  significa- 
tion which  assists  in  the  detection  of  relationships  between  crystal- 
line form  and  molecular  constitution  ;  and  it  is  for  this  reason  that 
their  study  has  hitherto  afforded  no  information  on  the  subject  which 
could  not  have  been  equally  well  derived  from  the  consideration  of  the 
ordinai'y  axial  ratios. 

For  our  present  purpose,  it  is  of  service  to  learn  for  series  of 
crystalline  substances  the  dimensions  of  the  molecule  in  three  properly 
selected  axial  directions  and  its  volume  in  terms  of  the  dimensions  and 
volume  of  the  valency  unit,  which  consists  of  the  portion  of  space 
allotted  to  a  univalent  atom  present  in  the  molecule,  half  that  occu- 
pied by  a  bivalent  atom,  one-third  that  occupied  by  a  tervalent  atom, 
&c.  The  volume  occupied  by  the  molecule,  which  is  the  sum  of  the 
volumes  of  the  component  spheres  of  atomic  influence,  may  thus  be 
taken  as  the  sum  of  the  valencies  of  the  component  atoms ;  this  sum 
of  the  valencies  we  term  the  valency  volume,  W.     The  valency  volume 
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thus  derived  involves  the  assumption  that  the  spheres  of  atomic  influ- 
ence fill  space  without  interstices. 

The  molecular  dimensions  referred  to  are  given  by  the  "  equivalence 
parameters,"  x,  y,  and  z,  calculated  in  the  following  manner  from  the 
axial  ratios  and  the  valency  volume. 

£c  =  A  / -. — ^ — ; y  =  ^  (i,  and  z  =  cy. 

V  c  sin  a  sin  p  sin  y, 

The  equivalence  parameters  are  naturally  the  products  of  the  corre- 
sponding topic  axial  ratios  by  3  iJiWjV)* 

The  axial  directions  to  which  crystalline  substances  are  ordinarily 
referred  for  descriptive  purposes  are  not,  in  general,  directions  along 
which  occur  the  minimum  distances  separating  the  centres  of  the 
structural  units.  Thus,  one  important  type  of  cubic  crystalline  sub- 
stances is  that  in  which  the  centre  points  of  the  structural  units  lie  at 
both  centres  and  angles  of  a  cubic  partitioning  of  space,  and  in  this 
system  the  distance  separating  centres  of  structural  units  is  a  minimum 
along  the  trigonal  axes,  this  separating  distance  being  ^3/2  of  that 
along  the  rectangular  cubic  axes  ordinarily  used.  If,  therefore,  the 
topic  axial  ratios  or  the  equivalence  parameters  are  to  express  the 
minimum  distances  separating  centres  of  structural  units  in  the 
crystal,  they  must  be  stated  with  relation  to  the  appropriately  selected 
directions  in  which  those  minimum  distances  occur ;  in  the  particular 
cubic  system  instanced  above,  the  directions  to  be  selected  would  be 

*  For  the  information  of  non-crystallographic  readers,  it  may  be  stated  that  crys- 
talline substances  are  classified  according  to  their  symmetry  in  six  systems,  which 
are  themselves  subdivided  into  thirty-two  crystal  classes.  A  crystalline  substance 
is  characterised,  first,  by  its  symmetry,  or  the  crystal  class  to  which  it  belongs,  and, 
second,  by  stating  the  ratio  a  :  6  :  c  between  the  lengths  of  the  three  edges  of  a 
parallelopipedal  figure  from  which  the  crystal  structure  may  be  regarded  as  built  up  ; 
the  angles  he,  ac,  and  ab,  between  the  axial  directions  a,  b,  and  c,  are  termed  a,  0, 
and  y.  Certain  of  these  constants  are,  in  general,  fixed  by  the  symmetry  of  the 
crystal  system,  and  the  appended  list  states  the  crystal  systems  in  order  of  symmetry 
and  those  constants  (marked  ?)  which  are  not  defined  by  the  symmetry  and  which 
therefore  have  to  be  determined  by  goniometric  measurement. 

Cubic  system    a  :  b  :  c  —  1  :  1  :  1.  a  =  0  =  y  =  9O°. 

Hexngonal  system   a  :  b  :  c  =  l  :  1  :  1.  a  =  fi  =  y=  ?   . 

Tetragonal  sy.stcm    a  :  b  :c  =  l  :  1  :  ?.  a  =  /8  =  7  =  90°. 

Ortliorhombic  system «  :  Z;  :  c=?  :  1  :  ?.  a  =  j3  =  7  =  90°. 

Monosymmetric  system  a  :  b  :  0=1  :  I  :  1.  0  =  7  =  90",  |8  =  ?. 

Anorlhic  system  a  :b  :  c=i.  :  1  :  ?.  «  =  ?,  /3=:?,  y=l 

The  rhonibohfdral  system  is  a  subdivision  of  the  hexagonal  system,  and  the  con- 
stants aj)pcrtaining  to  botli  arc  similarly  stateel  ;  both  of  these  systems  arc  fre(iuently 
r  furred  to  axes  of  the  form  (i :  a :  a  :  c=l  :  1  : 1  :  ?,  the  three  ((pial  axes  n  lying  in 
a  plane  at  mutual  inclinations  of  120°  and  perpendicular  to  the  c-axis. 
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those  of  the  trigonal  axes  of  symmetry.  Appropriate  intercepts  of 
the  ordinary  crystallographic  axes  will,  however,  serve  for  the  pui*- 
pose  of  dividing  space  into  parallelopipedal  cells  equal  in  volume  to 
the  molecular  or  the  valency  volume,  the  three  dimensions  of  the 
parallelopipedon  giving  the  ratios  of  the  minimum  translations  of  the 
structure  in  the  three  axial  directions.  This,  in  most  instances,  suffices 
for  purposes  of  comparing  substances  of  similar  crystalline  structure, 
for,  although  the  values  compared  do  not  necessarily  express  the 
minimum  distances  separating  unit  centres  in  the  structure,  they  are 
similar  functions  of  such  distances. 

The  sets  of  equivalence  parameters  stated  below  will  show  that  a 
method  of  calculation  is  now  available  which  enables  us  to  correlate 
the  apparently  veiy  incongruent  crystallographic  data  relating  to 
series  of  compounds  which  may  be  regarded  chemically  as  derived  from 
the  same  parent  substance. 

The  appended  table  gives  the  axial  ratios  and  topic  axial  ratios 
(Gossner,  Zeit  Kryst.  Min.,  1904,  38,  154)  for  the  orthorhombic 
hexa-halogen  derivatives  of  ethane,  together  with  the  corresponding 
equivalence  parameters.  Gossner's  axial  ratios  {Joe.  cit.,  504)  for  the 
monosymmetric  pentabromoethane,  namely,  a:b  :c  =  0  8353  :  1  :  0"5655, 
/3=111°5',  are  also  included,  but  have  been  transposed  by  making 
a(OOl),  «i(012),  and  5(lll);this  gives  a  :  6  :  c  =  0-5650  :  1  :  1-5590, 
/8  =  91°19',  numbers  which  are  more  in  accordance  with  the  distorted 
orthorhombic  character  of  the  crystals.  The  length  of  the  c-axis  of 
pentabromoethane  has  been  divided  by  five  for  the  purposes  of  the 
following  calculation  of  the  equivalence  parameters  : 

a   :   b  :    c.  V.  x     •     >/'     •     '«'•  '^-       x     :     y     :     z. 

CCls'CCls    0-5677  :  1  :  0-3160  113-34  4-8718  :  S-5808  :  2-7115  14  2-4260:4-2733:1-3503 

CBr.,Cl-CCl3  0-5612  :l  :0-3171  116-72  4-8760:8-6884:2-7551  14  2-4047:4-2849:1-3587 

CBrClo'CBrClo 0-5646:1:0-3192  1-20-16  4-9647:8-7949:2-7520  14  2-4090:4-2669:1-3620 

CBr3-CBr3  ....T 0-5639:1:0-3142  131-83  5-1099:9-0618:2-8472  14  2-4197:4-2911:1-3483 

CHBro-CBi-3  0-5650:1:0-3118  126-46  /3=9ri9'  14  2-4294:4-2995:1-3406 

Chlorobi-omonitro-  1-0470  :  1  :  0-6994  118-7  6-2043  :  5-9257  :  3-5519  38  4-2443  :  4-0537  :  2-4298 

phenol  /3=114°3S' 

Dibromonitro-  1-0302:1:0-5912  1211  6-2069:6-0249:3-5619  38  4-2179  : 4-0942  : 2-4205 

phenol  j3=114°37' 

Bromoiodoniti-o-  1-0400  :  1  :  0-5802  129-08  0-4133  :  6-1667  :  3-5779  38  4-2669  :  4-1028  :  2-8804 

phenol  /3=114"14' 

The  second  part  of  the  table  deals  with  Gossner's  data  {Zeit.  Kryst. 
Min.,  1905,  40,  84)  for  those  derivatives  of  l-chloro-3-bromo-5-nitro- 
6-hydroxy benzene  in  which  the  1 -chlorine  atom  is  replaced  by  bromine 
and  iodine. 

Throughout  the  above  two  series  the  equivalence  parameters  are 
distinctly  less  variable  than  are  the  corresponding  topic  axial  ratios, 
and  in  so  far  support  our  contention  that  the  volumes  of  the  spheres 
of  atomic  influence  of  hydrogen,  chlorine,  bromine,  and  iodine  bear 
almost  the  same  ratio  to  the  corresponding  molecular  volumes.     A 
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careful  inspection  of  the  above  table  will  show,  however,  that  the 
equivalence  parameters  have  most  advantage  over  the  topic  axial 
ratios,  as  a  measure  of  the  similarity  of  type  of  two  allied  substances, 
in  those  cases  in  which  the  molecular  volumes  differ  most.  It  some- 
times happens  that  the  equivalence  parameters  preserve  their  constancy 
no  better  throughout  a  series  of  related  compounds  than  do  the  topic 
axial  ratios ;  this  is  only  the  case,  however,  when  the  molecular 
volumes  are  practically  constant  throughout  the  series.  The  values 
obtained  by  Jaeger  {Zeit.  Kryst.  Min.,  1904,  38,  595)  for  the  six 
isomeric  tribromotoluenes  afford  an  example  of  this  kind. 

When  dealing  with  a  series  of  related  compounds,  it  often  happens 
that  the  observed  axial  ratios  of  one  or  more  members  of  the  series  do 
not  give  directly  equivalence  parameters  in  harmony  with  those  of  the 
rest  of  the  series :  in  these  cases,  the  selection  of  certain  simple 
multiples  of  one  or  both  of  the  axial  ratios,  a/b  and  c/b,  as  a  basis  from 
which  to  calculate  the  equivalence  parameters,  generally  brings  the 
substance  into  agreement  in  this  respect  with  the  other  members  of 
the  series.  The  selection  of  these  multiples  is  arbitrary,  in  that  it  is 
made  without  other  directing  indication  than  an  approximate  know- 
ledge of  what  values  the  equivalence  parameters  should  possess  ;  its 
arbitrary  character  is  connected  with  the  fact  that  the  numerical 
values  of  the  axial  ratios  themselves  are  arbitrarily  fixed,  in  that  it  is 
usually  possible,  on  the  basis  of  the  goniometrical  examination,  to 
assign  to  a  crystalline  substance  several  sets  of  indices  and  axial 
ratios,  all  of  which  have  the  same  experimental  justification.  And 
amongst  these  alternative  sets  of  axial  ratios  one,  in  general,  leads, 
without  previous  reduction,  to  the  deduction  of  equivalence  parameters 
in  harmony  with  those  of  other  members  of  the  series. 

An  inspection  of  the  possible  simple  multiples  which  can  be  selected 
shows  that  in  most  of  the  cases  now  dealt  with  only  one  leads  to 
the  required  conformity  of  the  equivalence  parameters ;  this  fact  is 
the  ground  for  the  selection  of  that  particular  multiple.  Thus,  in  the 
previous  table,  the  fact  that  the  only  simple  way  of  bringing  the 
equivalence  parameters  of  pentabromoethane  into  congruence  with 
those  of  the  hexa-halogen  derivatives  is  by  taking  one-fifth  of  the 
length  of  the  c-axis  in  calculating  the  values  of  x,  y,  and  z,  determines 
the  choice  of  this  multiple. 

It  may,  however,  be  contended  that  by  suitable  manipulation  of  the 
most  unfavourable  set  of  axial  ratios,  any  desired  result  may  be 
obtained,  and,  without  further  discussing  this  point,  we  may  admit 
that  if,  in  any  particular  case,  it  is  found  necessary  to  select  fractional 
multiples  of  the  recorded  axial  ratios  in  order  to  exhibit  relationships 
between  the  equivalence  parameters,  the  demonstrative  value  of  that 
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case  is  diminished.  For  the  elucidation  of  every  important  point  we 
have  therefore  selected,  from  the  mass  of  crystallographic  data  avail- 
able, cases  in  which  complex  fractionation  of  the  axial  ratios  is 
unnecessary.  All,  however,  who  are  experienced  in  crystallographic 
measurement  recognise  that  two  independent  observers  very  commonly 
assign  different  parametral  schemes  to  the  same  substance,  and  it 
cannot  therefore  be  legitimately  urged  that  in  any  large  proportion  of 
instances  the  stated  axial  ratios  can  without  reduction  be  taken  as 
referring  to  the  molecular  unit  itself.  And  the  fact  that  it  is 
possible,  throughout  this  paper,  to  offer  a  complete  argumentative 
sequence  based  on  unmanipulated  axial  ratios  fully  justifies  the 
quotation  for  illustrative  purposes  of  a  number  of  cases  of  the  other 
kind. 

It  should  perhaps  be  pointed  out  that  the  detection  or  indication  of 
morphotropic  relationships  between  two  substances  exhibiting  the 
axial  ratios,  a'  -.b'  :  c  and  a"  :  h"  :  c",  is  generally  effected  by  showing  a 
correspondence  between  one  or  more  of  the  ratios  a/b,  c/b,  or  a/c  in 
both.  As  the  only  numerical  data  available  are  thus  the  values  a'/b', 
a  /b  ,  c  jb'  and  c" jb",  fallacy  may  well  arise  if  too  great  advantage  is 
taken  of  the  fact  that  these  ratios  are  simple  fractional  multiples  of 
molecular  dimensions  in  the  several  axial  directions  in  the  crystal 
structure.  The  extent  to  which  the  selection  of  simple  multiples  of 
the  axial  ratios  may  be  legitimately  applied  is,  however,  much  greater 
in  the  case  of  the  equivalence  parameters,  because  here  the  conditions 
are  much  more  narrowly  limited.  Instead  of  having  to  select  numbers 
which  are  consonant,  as  simple  multiples,  with  the  ratios  ajb  and  cjb, 
we  have  here  to  satisfy  the  following  much  more  rigid  conditions. 
Given,  for  two  instances,  the  axial  ratios,  a  -.b' :  c  and  a"  :  b"  :  c",  and 
the  valency  volumes,  W  and  W",  select  such  simple  multiples,  jxi, 
gb',  re,  ha",  kb",  and  Ic",  of  the  axial  ratios  for  the  calculation  of  the 
equivalence  parameters,  x',  y ,  z',  x" ,  y",  and  z",  as  will  satisfy  the  con- 
ditions that  x'y'z'  =  W,  x"y"z"  =  W" ,  x  jpa'  =  y'lqb'  =  z'/rc,  x"/ha"  =  i/"/kb" 
=  «  /Ic",  and  will  make  one,  two,  or  all  of  the  values  x,  y ,  and  z  equal 
to  one,  two,  or  all  of  the  values  x  ,  y",  and  z" . 

As  a  somewhat  extreme  instance  of  the  method  of  treatment 
adopted  we  submit  the  following  table,  from  which  we  conclude  that 
the  quantitative  data  referring  to  camphor  and  its  orthorhombic 
halogen  derivatives  are  wholly  in  accordance  with  the  hypothesis  as  to 
molecular  constitution  now  put  forward ;  in  this  series,  the  valency 
volume  W=  60.  The  axial  ratios  for  the  hexagonal  form  of  camphor, 
namely,  a:c=\  :  1-6202,  are  thrown  into  the  orthorhombic  form  of 
a:&:c  =  0-8660  :1  :l-6202.  In  this  table,  as  in  others  given  later, 
the  values  of  x,  y,  and  z  are  tabulated  in  such  an  order  as  reveals  the 
relation  between  the  several  sots. 
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Multiples  of 

axial  ratios 
Substance.  a     :    b    :     c.        selected.        x       :       y       :       z. 

Camphor  *  0-8660  :  1  :  1-6202  2-9943  :  3-4577  :  5-6021 

a-Dibromocamphort ...  0-7925  :  1  :  0-5143  2a,5c/B  2-9959  :  3-4949  :  5'5395 
;8-Dibromocamphort...  0-9527  :  1  :  0-5186  36/5  3-0107  :  3-4832  :  5-5-308 
a-ir-Dibromocamphor  J  0-6860  :  1  :  0-3323  5rt/4,5c  2-9498  :  3-4400  :  5-7156 
|8-Monobromocamphor  §    1  •06-20  :  1  :  0-8220         a/2       2-9084:3-5382:5-6.363 

The  above  sets  of  figures  show  that  the  axial  ratios  of  members  of  a 
series  of  related  substances  having  the  same  valency  volume  may  be 
interpreted  by  means  of  the  equivalence  parameters  so  as  to  indicate 
similarity  of  chemical  structure.  Camphor  and  its  various  halogen 
derivatives  may  be  supposed  to  have  practically  identical  molecular 
configurations,  and,  in  accordance  with  the  views  expressed  above, 
should  possess  nearly  identical  relative  molecular  dimensions  if  really 
built  up  from  spheres  of  atomic  influence  of  the  volumes  four,  two,  and 
one  ;  the  possibility  of  assigning  almost  the  same  set  of  equivalence 
parameters  to  all  the  members  of  the  series  is  in  entire  harmony  with 
this  conclusion.  But  before  proceeding  to  a  closer  study  of  the 
assemblages  representing  chemical  substances,  it  is  desirable  to 
demonstrate  that  the  new  kind  of  axial  ratios  render  valuable  service 
in  expressing  and  elucidating  morphotropic  and  constitutional 
relations  between  substances  of  different  valency  volumes. 

The  following  table  gives  data  for  the  orthorhombic  d-  w-  and  dl-  w- 
bromocamphoric  anhydrides  (Acta  Soc.  Sclent.  Fenn.,  1896,  21,  204) 
(the  value  of  a  being  reduced  to  2/3),  for  the  monosymmetric 
c^-TT-bromocamphoric  anhydride  (Trans.,  1897,  71,  970)  (the  a  value 
being  reduced  to  4/3),  the  orthorhombic  c^-camphoric  anhydride  and 
the  orthorhombic  addition  compound  of  (i-camphoric  acid  with 
acetone  (Trans.,  1896,  69,  1696)  (the  axial  lengths  being  unaltered). 

Substance.  IF.  a     :    b    :     c.  x 

f^-cB-CioHisBiOs  60  0-5920:1:0-5775  3-3145 

fW-w-CinHigBrOg      60  0-5816:1:0-5799  3-2710 

d-TT-Cj^Uy^BiOs  60  1-0835:1:1-6453  3-4985 

/3  =  88°59'30" 

f^-GjoHiA  60  1-0011:1:1-7270  3-2654:3-2618:5-6331 

rf-CioHio04,KCH3)2CO  74  1-2386  :  1  :  1-7172  4-0435  :  3-2646  :  5-6060 

Avery  closeapproximation  to  agreement  between  the  equivalence  para- 
meters is  observed  throughout  the  table  ;  the  largest  discrepancies  are 
to  be  noted  in  the  a;  and  2  values  for  the  c^-tt- bromocamphoric  anhydride, 
and  the  reason  lies  in  the  fact  that  the  directions  x  and  z  are  affected 
by  the  shear  which  gives  the  crystals  their  monosymmetric  .symmetry. 
But  on  comparing  the  values  for  the  addition  compound  of  camphoric 
acid  and  acetone  with  tho.se  of  the  previous  substances,  it  is  seen  that 

*  (les  Cloizeaux,  Compt.  rend.,  1859,  48,  1064. 

t  Zcpliarovich,  Zr.U.  Knjat.  Miv.,  1883,  7,  588. 

X  Kippinj;  and  Pope,  Trans.,  1895,  67,  371. 

§    ArniHtroug  and  Lowry,  Trans.,  1902,  81,  1  I6l). 


1/       :       z. 
3-2332  :  5-5988 
3-2615  :  5-6241 
3-2286  :  5-3125 
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whilst  the  values  y  and  z  agree  closely  right  through  the  table,  the  x 
value  for  the  addition  compound  is  much  in  excess  of  the  other  x  values. 
This  suggests  that  on  introducing  water  and  acetone  into  the  close- 
packed  assemblage  representing  camphoric  anhydride,  the  new  assem- 
blage retains  the  y  and  z  dimensions  of  the  original  one,  and  that  the 
anhydride  assemblage  merely  opens  out  in  the  direction  of  x  to  admit 
of  the  new  components  entering  as  a  close-packed  layer  or  pad  between 
the  two  surfaces  exposed. 

The  kind  of  relation  thus  shown  to  exist  between  the  camphoric 
anhydride  and  the  camphoric  acid  addition  compound  assemblages 
is  of  frequent  occurrence,  notably  in  the  case  of  double  salts  and  sub- 
stances crystallising  with  the  solvent.  The  interpretation  of  the 
relationship  in  the  light  of  our  fundamental  conception  with  the  aid  of 
the  equivalence  parameters  at  once  elucidates  a  number  of  miner- 
alogical  observations  which,  in  spite  of  their  important  character,  have 
hitherto  remained  without  explanation.  Thus,  it  has  long  been  known 
that  the  monosymmetric  mineral  chondrodite,  Mg3(Si04)2,  2Mg(F)(0n), 
the  orthorhombic  humite,  Mg5(Si04)3,  2Mg(F)(0H),  and  the  mono- 
symmetric  clinohumite,  Mg7(Si04)^,  2Mg(F)(0H),  in  each  of  which  the 
angle  /5  =  90°,  are  morphotropically  related  in  such  a  way  that,  whilst 
the  ratio  «/6  is  practically  the  same  in  all,  the  ratio  c\h  is  in  the  propor- 
tion of  5  :  7  :  9  for  the  three  substances  respectively  (Penfield  and  Howe, 
Zeit.  Kryst.  Min.,  1894,  23,  78).  On  summing  up  the  valency  volumes  of 
these  substances,  regarding  the  isomorphous  constituents  F  and  OH  as 
present  in  equivalent  proportion,  the  values  38,  54,  and  70  are  obtained  ; 
these  numbers  are  practically  in  the  ratio  of  5:7:9.  On  calculating 
the  equivalence  parameters  as  in  the  appended  table,  it  is  seen  that  the 
values  of  X  and  y  remain  almost  the  same  throughout  the  series, 
whilst  z  increases  in  the  proportion  stated  ;  the  values  of  zjW  are  given 
in  the  last  column. 


Mineral.  JV.  a     :     h 

Chondrodite 38  1-08630:1 

Himiite 54  1-08021  :  1 

Clinohumite 70  1-08028:1 


3-14472  2-4249 
4-40334  2-4278 
5-65883       2-4349 


y 

2-2323 
2-2475 
2-2540 


z.  z/  W. 

7-0199  0-18473 

9-8965  0-18327 

12-7547  0-18221 


The  practical  constancy  of  the  values  x,  y,  and  zlW  indicates  that  the 
increment  of  the  series,  MggSiO^,  is  introduced  as  a  layer  parallel  to 
the  directions  a  and  b  and  perpendicular  to  the  direction  c,  so  that  the 
dimension  of  the  latter  is  the  only  one  of  the  three  which  is  materially 
affected  ;  it  is  further  clear  that  the  effect  produced  upon  the  c-axis  by 
insertion  of  the  group  is  proportional  to  its  valency  volume. 

The  increment  of  composition  in  the  series  is  MgoSiO^,  the  composi- 
tion of  forsterite  ;  by  subtracting  this  increment  from  the  composition 
of  chondrodite,  the  residue  MgSiO^,  2Mg(F)(0H),  is  obtained  ;  this  is 
the  composition  attributed  to  prolectite  (Sjogren,  Zeit.  Kryst.  Min.,  1896, 


A  DEVELOPMENT  OF  THE  ATOMIC  THEORY,       1687 

26,  103).  The  equivalence  parameters  and  the  axial  ratios  for  the  two 
latter  minerals  should  thus  be  deducible  from  the  data  given  for  the 
above  three  ;  the  values  calculated  on  this  assumption  and  those  actually- 
observed  are  given  in  the  following  table.  The  determined  length  of 
the  axis  h  has  been  halved  in  the  numbers  given  for  forsterite. 

Prolectite,   W-22: 


Observed  

Calculated    

a     : 
1-0803 
1-0822 

0-9296 
0-9240 

b 
1 
1 

1 
1 

:     c. 

1-8862 

1-8500 

:  1-1714 
1-1804 

2-3877 
2-4292 

2-4492 
2-4292 

y 

2-2102 
2-2446 

•2-2769 
2-2446 

4-1689 
4-1526 

Forsterite,   W=IQ: 
Observed  

2-8691 

Calculated   

2-8674 

It  will  be  admitted  that  the  agreement  between  the  observed  and 
calculated  numbers  is  very  close  in  view  of  the  comparatively  x'ough 
manner  in  which  these  two  minerals  have  been  characterised. 

The  afeove  results  may  be  summarised  by  saying  that  in  the  crystal- 
line state  the  spaces  occupied  by  the  groups  or  radicles  common  to  the 
seveial  members  of  the  series  assume  similar  forms,  and  the  amount  of 
space  occupied  by  any  such  radicle  or  group  bears  to  the  amount  of 
space  occupied  by  the  whole  molecule  the  ratio  borne  by  the  valency 
volume  of  the  component  group  to  the  valency  volume  of  the  molecule. 
Results  of  a  similar  nature  are  repeatedly  stated  in  the  course  of  this 
paper,  and  it  is  claimed  that  these  are  observations  of  fact  which  must 
be  accepted  quite  independently  of  any  judgment  which  may  be  passed 
upon  the  theoretical  views  advanced  to  explain  them. 

The  extent  to  which  the  present  mode  of  treatment  is  independent 
of  crystalline  system  is  worthy  of  note ;  the  monosymmetric  chondro- 
dite  becomes  orthorhombic  by  the  addition  of  MggSiO^,  whilst  the 
addition  of  the  second  increment  of  MgjSiO^  reduces  the  symmetry  to 
that  of  the  monosymmetric  clinohumite.  This  fact  has  interesting 
applications  to  the  isomorphism  and  morphotropic  relationships  exist- 
ing between  naturally  occurring  silicates  belonging  to  different  crystal- 
line systems. 

That  the  same  sort  of  relationship  holds  between  salts  containing 
various  proportions  of  water  of  crystallisation  is  indicated  by  the 
following  comparison  of  the  tetragonal  and  orthorhombic  nickel 
sulphates  containing  GHgO  and  THgO  reaipectively,  and  the  two  ortho- 
rhombic sodium  carbonates  containing  IHgO  and  TH^O  (from  Rammels- 
berg,  Kryst-j)hysik.  Chem,,  I,  417  and  548). 


Salt. 
NiS04,61I,0    .... 
NiS04,7H.,0    .... 

W. 

..     36 
..     40 

a     : 
1-0000 
0-5656 

b 
1 

1 

:    c. 
:  1-9060 
0-9815 

X 

2-6631 
2-5729 

:     y 

:  2-6631 
2-6214 

Multiples  of 
axial  ratios 
:       z.        selected. 
:  5-0760 
6-9307         ia 

Na.,C0,,ll.,0    .... 

j^a;co3,7n.p.... 

..      16 
..     40 

0-8268 
0-7510 

1 
1 

0-8088 
0-3600 

2-3824 
2-3990 

2-3306 

2-5022 

2-8815 
6-6637 

a/--' 
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It  will  be  seen  that  on  calculating  the  equivalence  parameters,  using 
the  simple  multiples  of  the  axial  ratios  noted  in  the  last  column,  two 
of  the  equivalence  parameters  remain  nearly  unchanged  during  the 
hydration  of  the  salt ;  the  whole  effect  of  the  introduction  of  the  water 
of  crystallisation  can  thus  be  thrown  upon  one  of  the  three  axial 
directions.  That  is  to  say,  the  water  entering  the  structure  may  be 
regarded  as  forming  a  layer  in  the  crystalline  structure,  and  as  being 
so  symmetrically  introduced  as  to  affect  but  one  axial  direction.  This 
same  reasoning  is  applicable  to  a  number  of  compounds  containing 
water  of  crystallisation,  but  in  some  cases  requires  modification  :  for 
example,  the  introduction  of  water  of  crystallisation  to  form  a  cubic 
crystalline  substance  must  take  place  symmetrically  in  the  various 
equivalent  directions  throughout  the  assemblage. 

It  is  instructive  to  notice  that  in  passing  from  the  tetragonal  salt, 
NiSO^.GH^O,  to  the  orthorhombic  hydrate,  NiSO^,?!!,©,  but  very 
slight  disturbance  of  the  symmetry  occurs  ;  the  orthorhombic  salt,  both 
in  crystal  habit  and  axial  ratios,  approximates  closely  to  tetragonal 
symmetry. 

The  effect  both  of  polymorphism  and  of  the  introduction  of  water  of 
crystallisation  is  seen  in  the  following  table  relating  to  the  optically 
active  ira?is-7r-camphanic  acids,  C^qHj^O^,  which  crystallises  with  IHgO 
in  a  monosymmetric  and  also  in  an  orthorhombic  form,  and  without  water 
in  an  orthorhombic  form  (Kipping  and  Pope,  Trans.,  1897,  71,  962). 

Multiples  of 
axial  ratios 
a     :    b    :     c.         taken.  x      :      y       :      z.  W. 

CioHi404,HoO  ...     1-9110  :  1  :  1-4627        2b        4-4514  :  4-6588  :  3-4072        66 

/8  =  69°5' 
C]oHi404,HoO  ...     0-9158  :  1  :  0-3551         2c         4-2716  :  4-6643  :  3-3126         66 
C10H34O4  0-9584  :  1  :  0-7292  4-2745  :  4-4t^00  :  3-2522        62 

The  difference  in  crystalline  form  of  the  two  hydrated  modifications 
of  the  acid  causes  change  in  the  dimensions  in  the  directions  a  and  c, 
those  namely  which  are  involved  in  the  shearing  process  by  which  the 
monosymmetric  system  is  derived  from  the  orthorhombic  ;  the  direction 
b  remains  practically  unaltered,  so  that  the  y-value  is  nearly  the  same 
for  the  first  two  substances.  The  removal  of  the  molecule  of  water  of 
crystallisation  from  the  orthorhombic  form  causes  practically  no  change 
in  the  .«-value,  and  produces  most  alteration  in  the  direction  of  the 
5-axis. 

The  mode  suggested  above  of  regarding  molecular  complexes  such  as 
double  salts,  compounds  containing  solvent  of  crystallisation,  and  the 
like,  naturally  directs  attention  to  one  aspect  of  molecular  composition 
which  has  hitherto  not  been  considered  as  of  importance.  Some  simple 
numerical  relation  is  found  to  subsist  between  the  valency  volumes  of 
the  two  or  naore  molecular  components  making  up  the  system.     This. 
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simple  relationship  is  most  promineot  in  the  double  salts ;  the  follow- 
ing examples,  typical  of  large  classes  of  substances,  to  which  the 
valency  volumes  of  the  component  complexes  are  appended,  will 
indicate  the  kind  of  relation  observed, 

KoS04,AU(S04),,24HoO    Valency  volume  =  12 +  36 +  96 

(NH4)„SO;,Al./S04).,,24HoO    „               ,,       =24  +  36  +  96 

2KCl,CuCl2,6H.,0..' .". ,,               ,,       =   4+   4  +  24 

K2S04,CuS04,6H20  ,,              „       =12  +  12  +  24 

In  each  of  the  above  and  in  other  cases  representing  double  salts 
the  valency  volumes  of  the  component  complexes  are  in  a  simple  ratio 
one  to  the  other  and  to  the  total  valency  volume.  In  connexion  with 
these  observations  it  may  be  remarked  that  the  close-packing  together 
of  two  molecular  surfaces  evidently  requires  that  the  spacing  of  the 
spheres  of  influence  shall  be  congruent — in  other  words,  that  the  dis- 
tances separating  corresponding  parts  on  the  one  surface  shall  be 
simple  fractions  of  such  distances  on  the  other ;  and  if  this  holds  good 
in  the  three  principal  plane  directions,  it  involves  a  simple  numerical 
relation  between  the  volumes  of  the  associated  complexes.  The 
applicability  of  this  principle  to  cases  where  the  water  of  crystallisation 
is  intercalated  in  isolated  groups  of  one  or  more  molecular  complexes 
so  as  to  produce  crystalline  assemblages  of  the  high  symmetry 
associated  with  the  cubic  or  hexagonal  systems,  as  in  the  alums,  and 
not  inserted  in  layers,  as  in  assemblages  of  lower  crystallographic 
symmetry,  is  more  directly  apparent. 

The  Partitioning  of  Close-pacTced  Assemblages. 

All  symmetrical  and  homogeneous  close-packed  assemblages  can  be 
partitioned  in  a  symmetrical  and  homogeneous  way  into  similar  cells 
or  units.  And,  after  an  appropriate  partitioning,  the  unit  or  cell 
into  which  the  close-packed  assemblage  is  resolved  represents  in  com- 
position, constitution,  and  configuration  the  chemical  molecule  itself ; 
each  cell  of  the  partitioning  is  thus  occupied  by  one  chemical  molecule, 
and  the  partitioning  is  of  such  a  nature  that  the  cell  walls  do  not 
intersect  any  component  sphere.  Thus,  one  close-packed  assemblage 
of  the  general  composition,  C„IIon_(.,,  can  be  partitioned  symmetrically 
into  units  of  the  composition,  CgHg,  and  represents  benzene  ;  another 
representing  toluene  can  be  partitioned  into  units  of  the  composition 
.  C-Hg ;  and  three  others,  representing  the  three  xylenes,  are  partition- 
able  into  units  of  the  composition  CgHjo.  In  many  cases  the  parti- 
tioning which  has  to  be  resorted  to  for  the  purpose  of  resolving  the 
close-packed  assemblage  into  the  similar  groups  representing  niole- 
ciiles  i.s,  owing  to  geometrical  reasons,  of  lower  symmetry  than  the 
original  assemblage;  the  partitioning  is  therefore  arbitrary,  in  that 
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it  leaves  unsevered  some  contacts  between  neighbouring  spheres  in 
the  assemblage  which  are  of  precisely  the  same  quality  as  others  which 
it  ruptures  ;  and  some  of  the  spheres  left  mutually  attached  after  the 
partitioning  have,  previous  thereto,  no  closer  association  than  others 
which  the  partitioning  allots  to  different  molecules.  Many  close- 
packed  assemblages  can  be  partitioned  in  two  distinct  ways,  but  so 
that  the  units  resulting  from  both  partitionings  are  constitutionally 
identical ;  in  other  cases  two  distinct  methods  of  partitioning  are 
possible,  and  give  rise  to  units  or  molecules  exhibiting  isomerism. 
Many  of  the  peculiarities  observed  in  the  substitution  of  aromatic 
hydrocarbons  are  immediately  traceable  to  this  property  of  the  corre- 
sponding close-packed  assemblages.  Further,  many  other  close- 
packed  assemblages  can  be  partitioned  in  two  ways  in  such  a  manner 
that  the  units  or  molecules  which  i-esult  are  constitutionally  dissimilar  ; 
these  assemblages  represent  tautomeric  or  isodynamic  substances, 
and,  as  will  be  shown  in  a  later  paper,  the  two  kinds  of  unit  produced 
represent  in  every  way  the  two  forms  of  the  substances  concerned. 

For  a  close-packed  assemblage  to  represent  a  particular  substance,  it 
must  not  only  be  a  homogeneous  one  in  which  the  spheres  of  influence 
of  the  component  atoms  are  j^resent  in  the  proportions  indicated  by  the 
molecular  composition,  but  it  should  exhibit  the  crystalline  symmetry 
of  the  substance  ;  moreover,  groups  of  associated  spheres  of  atomic 
influence  should  be  recognisable  in  it,  identical  in  composition  and 
configuration  with  the  chemical  molecule  itself.  And  since  the 
assemblage  is  a  homogeneous  arrangement  of  spheres  of  atomic 
influence  grouped  to  form  similar  molecules,  it  must  be  homogeneously 
partitionable  into  space-units,  all  identical  and  each  representing  a 
chemical  molecule  in  composition  and  configuration.  It  is  evident 
that  isomerism  introduces  a  complication  ;  as  will  be  shown  later,  in 
cases  where  isomerism  is  possible  and  not  traceable  to  varieties  of 
partitioning  of  the  same  assemblage,  several  close -packed  assemblages 
ai*e  obtainable  corresponding  in  number  and  character  to  the  various 
known  isomerides  ;  these  alternative  assemblages  are  all  close-packed, 
but  not  necessarily  all  equally  densely  packed.  We  have  therefore 
to  derive  these  isomeric  assemblages  from  others  by  a  process  of  sub- 
stitution or  distortion,  and  to  show  what  provision  can  be  made  to 
ensure  their  separate  and  individual  existence :  that  is,  to  indicate  a 
method  by  which  one  assemblage  can  be  geometrically  prevented  from 
lapsing  into  an  alternative  or  isomeric  assemblage  merely  because  the 
latter  happens  to  be  slightly  more  densely  packed.  The  necessary 
condition  in  all  cases  is  that  the  disposition  in  the  homogeneous 
assemblage  of  the  spheres  of  atomic  influence  with  respect  to  one 
another  is  such  that  if  represented  by  stacks  of  spheres  of  appropriate 
sizes,  the  arrangements  presented  are  equilibrium  arrangements  in 
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close-packing.  An  assemblage  of  spheres  is  described  as  close-packed 
if  it  cannot  be  caused  to  pack  more  closely  by  any  process  of  shearing 
or  distortion  unaccompanied  by  "  remarshalling "  of  its  parts ;  the 
meaning  attached  to  the  term  remarshalling  is  defined  by  the  state- 
ment that  an  assemblage  retains  its  original  marshalling,  after  subjec- 
tion to  shearing  or  distoi'tion,  when  no  sphere  of  the  assemblage  has 
been  shifted  during  the  distortion  past  the  narrowest  part  of  one  of 
the  small  apertures  found  between  the  other  spheres  immediately  sur- 
rounding it.  This  mode  of  considering  close-packing  permits  of  the 
existence  in  close-packed  assemblages  of  groups  of  spheres  or  of 
radicles  whose  individual  shape  is  such  that  the  space  occupied  by  the 
whole  assemblage  is  greater  than  would  be  requisite  if  the  constituent 
spheres  were  separately  stacked  or  were  differently  arranged ;  in  other 
words,  there  are  in  many  cases  several  equilibrium  arrangements  in 
close-packing  of  the  same  set  of  spheres ;  these  arrangements  present 
slightly  different  densities  of  packing.  In  the  numerous  cases  dis- 
cussed later  it  will  be  seen  that  the  alternative  arrangements  provided 
correspond  closely  with  the  number  and  nature  of  the  isomerides 
actually  obtainable. 

The  geometrical  idea  of  marshalling  acquires  further  importance 
when  it  is  considered  that  most  of  the  available  data  of  a  quantitative 
character  are  crystallographic,  and  that  by  hypothesis  the  crystal 
structure  is  a  close-packed  assemblage  of  the  molecules.  During  the 
process  of  crystallisation  the  molecules,  by  the  operation  of  the  two 
forces  previously  referred  to,  would  become  closely  and  homogeneously 
fitted  together,  and  be  subject  to  such  distortion  or  deformation  as 
may  be  necessary  for  this  purpose.  The  nature  of  this  distortion 
can,  in  many  cases,  be  exactly  traced,  and  is  not  of  such  a  kind  as 
leads  to  remarshallinsr. 


The  Rei^resentation  of  Molecular  Complexes. 

The  purely  mechanical  view  of  molecular  structure  above  fore- 
shadowed is  most  conveniently  depicted  by  a  purely  mechanical  method. 
The  statical  equilibrium  established  in  close-packed  molecular  as- 
semblages as  a  result  of  the  simultaneous  attraction  and  repulsion  of 
the  atoms  is  expressed  graphically  in  a  very  complete  manner  by 
representing  each  sphere  of  atomic  influence  by  an  elastic  ball  of 
appi'opriate  diameter  composed  of  soft,  solid  indiarubber,  which,  while 
deformable,  is  practically  incompressible,  a  very  considerable  number 
of  balls  being  employed,  and  the  mass  subjected  to  uniform  pressure 
nearly  sufficient  to  close  up  the  interstices  by  flattening  the  spheres  at 
the  places  of  contact.  For  practical  purposes  hard  balls  are  more 
convenient    to    handle ;    if    slightly   flattened   at  the  points   of    eon- 
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tact,    they  represent    sufficiently    well    the    ariangement    under    con- 
sideration. 

If  balls  of  appropriate  magnitudes  and  appropriate  degrees  of 
compressibility  are  selected,  they  can  be  grouped  together  and  close- 
packed  under  a  general  pressure  so  as  to  simulate  accurately  both 
chemical  molecules  and  assemblages  of  chemical  molecules. 

The  Configuration  of  Aromatic  Comjjounds. 

It  will  be  convenient  at  once  to  apply  the  geometrical  principles 
developed  above  to  some  particular  series  of  chemical  compounds,  and 
for  this  purpose  we  select  a  number  of  typical  aromatic  svibstances, 
because  these  have  been  so  completely  examined  crystallographically 
as  to  allow  of  a  direct  control  upon  the  validity  of  the  methods  which 
we  employ. 

The  problem  involved  in  determining  the  configuration  of  the  benzene 
complex,  stated  in  the  terms  introduced  in  the  foregoing  pages,  is  that 
of  finding  an  arrangement  of  spheres  of  two  sizes,  six  of  each,  of 
such  a  form  as  corresponds  to  the  general  properties  of  benzene,  and  of 
such  a  configuration  that  an  indefinitely  large  number  of  identical 
groups  of  the  kind  can,  without  remarshalling,  be  close-packed  so  as 
to  give  an  assemblage  exhibiting  the  crystalline  symmetry  of  benzene. 
The  problem  is  very  precisely  defined,  in  that  the  known  molecular 
composition  and  the  known  relations  between  the  six  hydrogen  atoms 
in  the  molecule  which  are  expressed  in  the  isomerism  of  the  di-  and 
tri-substitution  derivatives,  and  also  the  known  crystalline  form,  all 
limit  its  solution  ;  to  these  conditions  must  be  added  that  the 
assemblage  for  benzene  must  be  capable  of  conversion,  by  simple 
substitutions  in  which  the  type  of  the  units  is  not  changed,  into 
assemblages  which  conform  in  chemical  and  crystallographic  respects 
to  the  properties  of  benzene  derivatives  and  of  other  aromatic 
hydrocarbons.  A  further  important  limitation  is  imposed  by  the  new 
condition  that  the  relative  volumes  of  the  spheres  of  atomic 
influence  composing  the  various  assemblages  must  be  directly  pro- 
portional to  their  fundamental  valencies. 

The  solution  of  the  problem  is  the  following ;  Six  spheres,  each  of 
volume  four,  are  placed  in  contact  so  that  their  centres  lie  at  the 
apices  of  a  regular  octahedron ;  six  spheres,  each  of  about  volume 
one,  are  then  placed  in  six  of  the  eight  similar  hollows  lying  round 
the  octahedral  group  in  such  a  manner  that  the  two  unoccupied 
hollows  are  diametrically  opposite  each  other.  The  resulting 
arrangement  is  shown  in  plan  in  Fig.  1  3  it  is  in  certain  respects  similar 
to  some  of  the  benzene  configurations  deduced  from  Werner's  theory 
(Bloch,   Theorie  des  Kohlenstoff atoms,   1903,  72),  and,  like  the  latter, 
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Fig.  1. 


Fig.  2. 


leads  to  the  derivation  of  three  isomeric  di-derivatives.  It  indicates 
also  the  derivability  of  one,  two,  and  three  tri-derivatives  from  the 
para-  meta-  and  ortho-derivatives  of  benzene 
respectively.  The  configuration  depicted  is, 
in  fact,  in  accordance  with  the  general  pro- 
perties of  benzene,  in  so  far  as  these  are  ex- 
pressed by  the  isomerism  of  aromatic  com- 
pounds. 

We  have  next  to  show  how  complexes  in 
which  the  parts  are  marshalled  as  indicated 
can  be  close-packed  so  as  to  form  a  homo- 
geneous assemblage  exhibiting  the   symmetry 

and  axial    ratios    of    crystalline    benzene  ;    this    is    accomplished    by 
the  following  series  of  numbered  steps  : 

(1.)  The  complexes  are  piled  vertically 
in  close-packed  columns,  the  faces  in 
contact  being  those  which  do  not  carry 
small  or  hydrogen  spheres  ;  in  the  column 
the  individual  complexes  have  the  same 
orientation,  and  each  small  sphere  is  in 
contact  with  three  larger  ones. 

(2.)  The  column  thus  obtained  is 
slightly  shortened  by  compression,  so 
that  the  centres  of  the  larger  spheres 
separate  until  the  smaller  spheres  touch 
four  instead  of  three  of  them ;  the 
arrangement  which  results,  employing 
complexes  of  hard  spheres,  is  shown  in 
plan  and  elevation  in  Fig,  2,  a,  b,  and  c. 
The  two  sizes  of  spheres  alternate  regu- 
larly in  the  vertical  column,  as  indicated 
in  Fig.  2c,  and  a  geometrical  partitioning 
divides  it  into  cells  each  containing  two 
consecutive  layers  of  the  column,  as 
shown  in  Fig.  2b.  The  shortening  of 
the  column  does  not  so  distort  it  as  to 
lead  to  remarshalling. 

(3.)  Columns  thus  built  up  are  placed 
in  contact  side  by  side  and  similarly 
orientated  so  as  to  form  walls  having 
tlie  direction  C-fi^  or  C^C^  indicated  in 
Fig.  3. 
(4.)  These  walls  are  then  packed  side  by  side  so  as  to  fill  space  as 
ahown  in  Fig.  3,  and  for  the  purpo.se  of  achieving  the  closest  possible 
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packing  of  a  number  of  walls,  a,  h,  c,  d,  e,  f,  &c.,  the  walls  a,  c,  e  must 
be  placed  at  a  somewhat  different  level  from  the  alternate  walls,  b,  d,f; 
the  successive  walls  in  the  structure  then  interlock.  The  raising  of 
alternate  walls  with  respect  to  the  others  is  indicated  in  Fig.  3,  and 
other  subsequent  figures,  by  drawing  the  circles  representing  the  one 
level  in  single  lines,  and  those  representing  another  level  in  double 
lines. 

(5.)  The  closeness  of  the  packing  is  further  increased  by  again 
slightly  distorting  each  complex,  without  remarshalling  ;  the  nature 
of  this  distortion  will  be  realised   on   comparing  Fig.  1,  representing 


Fig.  3. 


B^ 


A 


A 


the  undistorted  complex,  with  Fig.  2a,  showing  the  eiJect  of  the  first 
distoi'tion  involved  in  the  shortening  of  the  columns,  and  also  com- 
paring it  with  one  complex  of  hexagonal  contour  in  Fig.  3.  Fig.  4 
indicates  the  effect  of  the  second  distortion  on  the  elevation  of  the 
columns.  The  assemblage  which  has  thus  been  obtained  is  that  repre- 
sentative of  crystalline  benzene. 

The  several  distortions  just  above  described  are  geometrically  very 
simple,  and  assist  in  the  achievement  of  the  closest  possible  packing  of 
the  benzene  complexes,  with  the  aid  of  any  distortion  or  shear  which  does 
not  involve  a  remarshalling  of  the  parts  of  the  complexes.  We  suggest 
that  no  adjustment  other  than  those  described  assists  the  close-packing, 
and  that  the  arrangement  finally  depicted  in  Fig.  3  is  the  most  close- 
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Fig.   4. 


packed  possible.  It  remains  now  to  show  that  this  assemblage  is 
strictly  in  accordance  with  the  crystalline  form  of  the  hydrocarbon, 
and  must  therefore  be  regarded  as  representing  the  distribution  in  space 
of  the  atoms  and  molecules  which  make  up  benzene  in  the  crystalline 
state. 

Benzene  crystallises  in  the  holohedral  orthorhombic  system,  and 
exhibits  the  axial  ratios  a  :b  :c  =  0"891  : 1  :  0'799  (Groth) ;  these  values 
give,  since  the  valency  volume  W  is  30,  the  equivalence  parameters 
x:y  •.z  =  S'lOl  :  3'480  :  2-780.  The  structure  depicted  in  Fig.  3  is  also 
holohedrally  orthorhombic  in  symmetry,  but,  in  order  that  it  may 
correctly  simulate  the  crystal  structure  of  benzene,  it  must  be  possible 
to  select  three  translation  dimensions  within  it,  which  lie  in  directions 
parallel  to  the  three  axes  of  the  orthorhombic  symmetry,  and  for  these 
translations,  or  simple  multiples  of  them,  to  have  the  values  of  the 
equivalence  parameters  x,  y,  and  z.  The 
appropriate  translation  dimensions  are  shown 
in  Figs.  3  and  4  ;  and  these  drawings  have 
been  made  to  the  scale  of  x  :  y  :  z  = 
3  101  :  3-480  :  2  780.  The  length  x  is  one-half 
a  translation  along  the  axis  a,  y  is  twice  the 
diameter  of  a  large  or  carbon  sphei'e,  and  ;; 
is,  as  indicated  in  Fig.  4,  very  slightly  less 
than  the  sum  of  the  diameters  of  a  large 
and  a  small  sphere;  the  product,  xyz~W, 
is  the  minimum  unit  volume  of  the  assembl- 
age. The  dimensions  of  the  structure  re- 
presented in  Figs.  3  and  4,  as  well  as  the 
symmetry,  are  therefore  in  accordance  with 
those  of  crystallised  benzene. 

The  type  of  homogeneous  structure  thus 
assigned  to  the  benzene  assemblage  is  that  marked  No.  54  of  Barlow's 
list  [Zeit.  Kryst.  Min.,  1894,23,  l),and  is  No.  14  of  Sohncke's  sixty-five 
systems  with  a  centre  of  symmetry  added.  The  positions  of  the  different 
kinds  of  digonal  screw  axes  (c)  which  lie  perpendicular  to  the  plane  of 
Fig.  3  are  marked  Cp  (7o,  C'g,  6'^.  The  digonal  screw  axes  (both  a  and  h) 
which  lie  parallel  to  the  plane  of  Fig.  3  pass  midway  between  these  axes  ; 
their  projections  are  marked  A-^^A.^,  A^A^^,  -^'1^2'  -^3-^4-  '^^^  centres  of 
symmetry  lie  on  the  axes  whose  projections,  A-^A.^,  A^A^,  are  shown  on 
Fig.  3,  and  arc  found  at  the  points  where  these  axes  intersect  planes 
drawn  perpendicular  to  the  plane  of  the  figure  through  the  axes  Jj^JJ.^, 
B^B^  ;  their  projections  are  marked  0^,  O.^^  0.^,  0^.  The  axes  G-^,  C^, 
&c.,  all  lie  in  planes  of  symmeti-y  which  ai'e  perpendicular  to  the  piano 
of  Fig.  3,  and  both  the  other  sets  of  planes  of  symmetry  are  planes  of 
gliding-symmetry.     The  difference   in   level   of   the   nearest   identical 
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layers  of  two  interlocked  walls  of  columns  is  seen  fi'om  Fig.  4  to  be  zji, 
z  beiug  the  prism-translation  which  represents  the  vertical  or  c-axis  of 
the  crystal. 

Although  the  highly  symmetrical  configuration  of  the  benzene 
molecule  depicted  in  Fig.  1  undergoes  some  distortion,  unaccompanied 
by  remarshalling,  when  packed  into  the  structure  shown  in  Fig.  3, 
it  must  be  concluded  that  the  distorted  configuration  occurs  only  in 
the  crystalline  state.  There  is  no  need  to  suppose  that  this  temporary 
distortion  survives  the  disintegration  of  the  assemblage  consequent  on 
destruction  of  the  crystalline  structure,  so  that,  for  purposes  of 
chemical  reaction,  and  when  separated  from  close-packed  association 

with  its  companion  units,  the  symmetry 
of  the  molecule  should  be  regarded  as 
the  highest  which  the  complex  repre- 
senting it  is  able  to  assume  without 
I'emarshalling  of  its  component  spheres. 
This  is  of  universal  application,  and  in 
this,  and  all  other  cases,  the  nature  of 
the  marshalling  must  be  regarded  as  the 
characterising  feature  of  the  chemical 
molecule. 

The  objection  may  be  taken  to  the 
benzene  configuration  now  suggested 
which  was  raised  against,  and  which 
proved  fatal  to,  the  solid  configurations 
proposed  by  Ladenburg  (see  Lewko- 
witsch.  Trans.,  1888,  53,  781  ;  Ber., 
1883,  16,  1576),  namely,  that  all  solid 
configurations  of  the  benzene  molecule 
lead  to  enantiomorphism  amongst  the 
di-  and  tri- substitution  derivatives,  an 
enantiomorphism  which  has  not  hither- 
to been  discovered.  This  objection  is,  however,  groundless  as  ap- 
plied to  the  present  work,  and  for  the  following  reason.  In  the' 
column  represented  as  an  element  of  the  structure  in  Fig.  4,  tb 
hydrogen  spheres  lie  three  in  each  of  a  set  of  parallel  planes  represented 
by  a,  h,  c,  d,  e,  f,  of  Fig.  5  and  at  the  numbered  points.  And  in 
accordance  with  what  has  been  explained  above,  the  geometrical 
partitioning  of  the  column  involves  the  separation  of  any  two  of  its 
consecutive  layers  to  form  a  free  molecule  of  the  hydrocarbon  ;  alterna- 
tive partitionings  are  thus  possible,  giving  as  separate  complexes  the 
pairs  of  layers  ah,  cd,  ef,  or  he,  de,  f<j.  And  if  the  hydrogen  spheres, 
1,  2,  3,  4,  5,  and  6,  are  replaced  in  any  symmetrical  manner  in  the  layers 
«,  6,  c,  &c.,  of  the  column,  so  as  to  lead  to  enantiomorphism  on  partition- 
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ing  into  the  vmits  ah,  cd,  ef,  the  simultaneous  occurrence  in  another 
column  of  partitioning  into  the  units  be,  de,  fg,  will  lead  to  the 
production  of  units  or  molecules  enantiomorphously  related  to  the 
former,  and  the  whole  disintegrated  structure  will  be  externally  com- 
pensated. Therefore,  although  many  of  the  di-  and  tri-derivatives  of 
benzene  must  possess  enantiomorphous  configurations,  they  could  not 
exist  in  the  non-crystalline  state  in  an  optically  active  form,  because 
the  alternative  partitioning  annuls  the  optical  activity. 

The  benzene  assemblage  is  thus  one  in  which  two  distinct 
geometrical  partitionings  can  be  performed,  each  leading  to  a  sub- 
division into  identical  benzene  molecules.  Such  alternative  partition- 
ing is  in  many  cases  possible ;  as  already  indicated  (p.  1690),  in  certain 
cases  this  leads  to  the  production  of  alternative  constitutions.  In  a 
later  paper  we  shall  show,  for  example,  that  the  assemblage  representa- 
tive of  phloroglucinol  is  partitionable  in  two  ways,  the  one  leading  to 
the  configuration  of  the  symmetrical  trihydroxybenzene,  the  other  to 
that  of  the  1:3:  5-triketohexamethylene.  The  possibility  of  such  an 
alternative  geometrical  partitioning  of  the  appropriate  homogeneous 
assemblage  affoi-ds  an  explanation  of  the  existence  of  enolic  and 
ketonic  isomerides. 

Without  at  pi-esent  pursuing  this  particular  aspect  of  alternative 
geometrical  partitioning  further,  one  application  of  it  can  at  once  be 
made  which  illustrates  the  kind  of  way  in  which  the  new  method  of 
formulating  molecular  structures  elucidates  certain  obscure  points  in 
the  behaviour  of  benzene  derivatives.  The  numbering  in  Fig.  5  is  that 
conventionally  used  for  distinguishing  the  six  hydrogen  atoms  in  the 
Kekule  formula  of  benzene,  and  the  possibilities  of  isomerism 
attending  the  formation  of  di-derivatives  of  the  hydrocarbon  can  be 
conveniently  traced  on  Fig.  5  with  the  aid  of  the  numbering  and 
lettering  given.  The  production  of  a  mono -substitution  derivative 
CjjHgX  necessitates  the  replacement  of  one  hydrogen  sphere  in  each 
alternate  layer  a,  c,  e,  g,  or  b,  d,  f.  It,  by  the  group  X ;  the  introduc- 
tion of  a  second  group  X  to  give  the  derivative  C^;H4X2  may  be 
brought  about  in  two  generically  distinct  ways  :  the  second  group  X 
may  enter  the  column  in  the  same  layers  in  which  the  first  group  X 
was  introduced,  leaving  the  alternate  layers  still  unsubstituted,and  in 
this  (a>c  a  niota-di-derivative  alone  will  be  formed;  or  the  second 
group  X  may  be  introduced  into  the  alternate  layers,  into  which  the 
X  groups  did  not  originally  enter,  and  then  an  ortho-  or  para-di- 
derivative,  or  both,  will  ])e  formed.  A  complete  geometrical  diifcrence 
in  kind  thus  exists  between  the  derivation  of  the  1  :  3-di-derivative 
and  that  of  the  1  : 2-  and  1  :  4-isomerides  ;  this  is  wholly  in  harmony 
with  the  observed  chemical  facts. 

Further,    suppose    that    the    two    substituting    groups    A'  are    in- 
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troduced  symmetrically  into  the  column  shown  in  Fig.  5  ;  several 
geometrically  distinct  possibilities  occur,  but  attention  need  here  only 
be  directed  to  one,  namely,  to  the  result  obtained  by  substituting  the 
hydrogen  spheres  a^,  b^,  Cg,  d^,  e^,/^,  g^,  h^i  etc.,  each  by  the  group  X. 
This  type  of  substitution  is  highly  symmetrical,  and  on  subsequently 
partitioning  the  column,  the  units  or  molecules,  a^^,  c.,fZ,;,  e^/!,,  g^h^,  all 
of  the  para  constitution,  result  from  the  one  kind  of  partitioning,  whilst 
the  other  kind  of  partitioning  leads  to  the  production  of  the  ortho- 
isomeride,  h^c^,  ciggg,  f^gi^  hj^.  The  application,  in  different  parts  of 
the  same  assemblage,  of  the  two  partitionings  leads  to  the  simultaneous 
production  of  an  ortlio-  and  a  para-di-derivative. 

From  the  foregoing  it  will  be  seen  that  our  method  of  regarding 
chemical  structure  is  at  once  applicable  to  the  facts  summai'ised  in  the 
para-,  ortho-,  and  meta-law  ;  it  offers,  in  fact,  a  mechanism  illustrating 
the  facts  that,  if  a  meta-di.-derivative  of  benzene  is  formed  in  any 
particular  reaction,  it  is,  in  general,  practically  the  sole  product, 
whilst  if  an  ortho-derivative  is  formed,  it  is,  in  general,  accompanied 
by  a  large  proportion  of  the  para-isomeride  (compare  Armstrong, 
Trans.,  1887,  51,  258). 

In  deducing  the  above  configuration  for  benzene  we  have  dealt 
only  with  close-packed  arrangements  of  spheres  in  contact  ;  these 
spheres  are  conceived  merely  as  the  regions  of  space  inhabited  by 
distinct  atoms,  and  this  method  of  treatment,  as  already  indicated, 
does  not  represent  the  truth  with  precise  accuracy.  The  real  state  of 
the  assemblage  is,  as  has  been  said,  better  represented  by  the  packing 
of  elastic  spheres  subjected  to  a  genei'al  pressure  so  as  practically  to 
eliminate  the  interstitial  space  ;  it  is  only  for  convenience  of  repre- 
sentation that  interstitial  spaces  are  shown  in  the  diagrams.  As  tlio 
assemblages  represented,  in  which  interstitial  space  is  shown,  would  be 
converted  into  the  correct  assemblages  containing  no  interstitial  space, 
if  the  spheres  were  supposed  elastic  and  subjected  to  appropriate  pres- 
sure, the  validity  of  the  argument  is  not  affected,  because  the  relative 
dimensions  of  the  assemblages  are  practically  unaffected  by  the 
pressure. 

The  same  type  of  assemblage  as  has  been  assigned  to  benzene  is  in 
accordance  with  the  crystallographic  data  for  hexachloro-  and  hexa- 
bromo-benzene  ;  these  are  pseudotrigonal  and  have  been  described  by 
Fels  {Zeit.  Kryst.  Min.,  1900,  32,  367)  as  monosymmetric  with  the 
following  axial  ratios  : 

O^Cl^,  a  :  6:  c  =  2-0993:1  :  4-3220,  /3=  116^^52'. 
C,,Br^       „       =  2-0903  :  1  :  4-2620,  ,,  =  11 6°28'30". 

These   axial     ratios    are    simplified     by    changing    the    forms     [lOUj, 
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{001},    {10:1},   and    {llT},    to    {101},    {100},    {101},    and    {Oil};   this 
gives : 

C^C]^,  a:  b:c  =  2-10]  2:  1  :  3-8618,  /3=  87°49'45". 

O^Brg       „       =2-0902  :1  :3-8183,  „  =  87°18'. 

On  taking,  in  these  values,   2a  and  5b,  the   equivalence  parameters 
become  compatible  with  those  of  benzene,  namely  : 

C^'H^^,x:y:z  =  3-101    :  3-480    :  2-780,     ^  =  90°. 
CfiOlg,      „      =3-0169:3-5894  :  2-7724,  „  =  87°49'45". 
CfiBrg,     „      =3-0181  :  8-6097  :  27587,  „  =  87°18'. 

So  far  as  is  known,  benzene  is  not  dimorphous,  but  it  is  inleresting 
to  notice  that  an  altei'native  close-packed  arrangement  exists  of  units 
possessing  the  marshalling  shown  in  Figs.  1  and  2  ;  this  alternative 
crystallographic  arrangement  of  the  units  apparently  occurs  in  the 
known  crystalline  modifications  of  some  of  the  halogen  derivatives  of 
benzene. 

The  alternative  arrangement  referred  to  is  of  highly  symmetrical 
marshalling,  and  may  be  regarded  as  consisting  of  layers  of  spheres 
one  of  which  is  depicted  in  Fig.  6,  arranged  one  upon  the  other  in 
rhombohedral  symmetry  ;  any  two  successive  layers  are  thus  arranged 
as  shown  in  Fig.  7a,  and  form  one  stratum  of  benzene  complexes,  the 
centres  of  the  latter  lying  at  the  points  A.  Fig.  7b  shows  how  the 
next  stratum  of  two  layers  has  to  be  superposed  upon  that  of 
Fig.  7a  :  Fig.  7c,  how  the  next  stratum  lies  upon  that  of  Fig.  7b ; 
this  mode  of  superposition,  which  is  designed  so  as  to  produce  close- 
packing,  leads  to  rhombohedral  symmetry.  The  spheres  of  the 
fourth  .stratum,  neglecting  any  slight  distortion,  come  vertically  over 
the  corresponding  ones  of  the  first,  and  thus  the  first  and  fourth 
strata  have  the  same  projection.  The  centres  of  the  small  or  hydrogen 
spheres  do  not  lie  exactly  in  the  same  planes  as  the  large  or  carbon 
spheres  of  the  same  layer.  The  contour  of  the  set  of  spheres  con- 
stituting one  benzene  unit  or  molecule  grouped  about  the  centre  A  in 
Fig.  7a  will  be  easily  distinguished  and  seen  fo  be  identical  in 
marshalling  with  that  of  Figs.  1  and  2. 

Benzene  units  or  molecules  of  the  marshalling  depicted  in  Figs.  1 
and  2  can  thus  be  packed  closely  in  two  alternative  modes,  the  one 
indicated  in  Fig.  3,  the  other  in  Figs.  7a,  b,  and  c.  The  alternative 
assemblages  thus  indicated  may  be  geometrically  distinguished  in  the 
following  way. 

It  is  well  known  that  an  indefinitely  large  number  of  equal  spheres 
can  be  close-packed  in  either  cubic  or  holohedral  hexagonal  symmetry  ; 
in  the  latter  case,  alternate  triangularly  arranged  layers  lie  vertically 
over  one  another,  and  the  two  sets  of  alternate  layers  of  which  the 
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assemblage  then  consists  are 
connected  by  coincidence- 
movements  about  hexagonal 
screw  axes  perpendicular  to 
the  plane  of  the  layers  (Bar- 
low, fSci.  Proc.  Roy.  Duhl. 
Soc,  1897,  8,  527).  From 
either  the  cubic  or  t  he  hexa- 
gonal close-packed  arrange- 
ment one-fourth  of  the 
spheres  can  be  symmetrically 
removed  without  impairing 
the  symmetry  ;  each  layer 
then  presents  the  appeai-ance 
shown  in  Fig.  8,  and  in 
both  cases  the  assemblage 
can  be  regarded  as  made  up 
of  octahedral  groups  of  six 
spheres,  two  layers  combin- 
ing to  furnish  a'  single 
stratum  of  groups  as  shown 
in  Fig.  9.  The  number  of 
cavities  being  twice  that  of 
the  octahedral  groups,  if 
three  smaller  spheres,  each 
having  one-fourth  the 
volume  of  a  larger  sphere, 
are  squeezed  into  each  cavity 
of  an  assemblage  of  either 
kind,  the  composition  C,JIn 
is  attained,  and  since  the 
carbon  spheres  occur  in 
groups  of  six,  the  partition- 
ing yields  units  of  the  ben- 
zene composition  C^,Hg. 

After  this  replacement  of 
one-fourth  of  the  spheres  by 
sets  of  three  small  spheres 
in  either  the  cubic  or  the 
hexagonal  assemblage,  a  com- 
paratively slight  distortion 
or  adjustment  suffices  to  re- 
establish close-packing ;  the 
appropriate  distortion  of  the 
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hexagonal  assemblage  converts  it  into  the  benzene  assemblage  of  Fig.  3, 
whilst  the  system  derived  from  the  cubic  assemblage,  by  a  slight  distor- 
tion, yields  the  rhombohedral  or  nearly  rhombohedral  assemblage  of 
Figs.  7a,  b,  and  c.  In  the  latter  case  the  distortion  consists  in  a 
compression  in  the  direction  of  one  of  the  four  trigonal  axes,  the 
planes  of  the  triads  of  small  spheres  remaining  practically  parallel 
to  the  planes  of  the  layers. 

A  comparison  of  the  diagrams  will  show  that  the  benzene  assemb- 
lage of  hexagonal  derivation  (Fig.  3)  and  that  of  cubic  derivation 
(Figs.  7a,  h,  and  c)  are  geometrically  closely  related,  in  addition  to 
being  symmetrically  partitionable  into  units  of  the  same  marshalling  ; 
in  both  assemblages  the  smaller  spheres  are  grouped  in  triads,  each 
group  being  contained  in  a  cavity  surrounded  by  twelve  of  the  larger 
spheres,   and  the   three  spheres   of  a  group   being  attached  to  three 
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Fig.  9. 


different  benzene  complexes.  Among  the  prominent  or  singular  points 
are  found,  in  each  case,  the  centres  of  the  benzene  complexes  and  the 
centres  resembling  them  which  are  situated  midway  between  six  large 
spheres  not  belonging  to  the  same  complex  and  tlie  centres  of  the 
cavities  containing  the  smaller  spheres.  The  other  singular  points 
of  the  two  .systems  do  not  correspond. 

In  an  undistorted  assemblage,  retaining  complete  rhombohedral 
symmetry,  as  in  that  represented  in  Figs.  7a,  b,  and  c,  the  ratio  of  the 
equivalence  parameters  x  and  y  corresponding  to  the  x  and  y  of 
crystalline  benzene  would  be  0'86G0  :  1,  this  being  the  ratio  between  the 
lengths  of  the  side  and  the  perpendicular  to  the  side  in  an  equilateral 
triangle ;  the  value  z  would  be  rather  less  than  in  the  case  of  the 
assemblage  for  benzene  depicted  in  Fig.  3.  The  substitution  of  slightly 
different  halogen  spheres  for  hydrogen  spheres  in  certain  of  the  halogen 
derivatives  of  benzene  will  evidently  affect  the  rhombohedral  marshalling 
and  lower  the  symmetry  ;  the  departui  e  from  rhombohedral  symmetry 
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may  be  expected  to  be  somewhat  pronounced.  The  values  quoted 
for  the  orthorhombic  (0)  and  monosymmetric  (M)  benzene  halogen 
derivatives  in  the  appended  table,  which  is  calculated  from  data  given 
by  Fels  {Zeit.  Kryst.  Min.,  1900,  32,358),  seem  to  indicate  that  the 
crystalline  structure  of  these  substances  is  one  derived  from  the  cubic 
marshalling  of  the  complexes  just  described. 

Multiples  Mole- 
of  axial  ciilar 
Crystal  ratios    vol- 

system.  ;8.     chosen,  ume.       a    :    b    :    c.  x       '■      y       :      z. 

l:4-C6H4Clo M  100°25'    ft/2       96-4  2-336G  :  1  :  1-3920  3-1306  :  3-6828  :  2-6457 

l:4-C6H4Br; M     98  Hi  «/2     104-4  2-4720  : 1  : 1-3774  3-2274  :  3-5966  :  2-6111 

l:4-C6H4l„" 0      90    0     &/2       —     0-4342:1:0-3653  3-1402:3-6161:2-6419 

l:2:4:5-CgH2Cl4   M     99  26      2c      116-2  0-9041:1:0-3650  3-2414:3-5852:2-6169 

Notwithstanding  difference  in  crystalline  system  and  accompanying 
differences  in  the  extent  to  which  the  assemblages  are  sheared  in  the 
various  directions,  and  the  slight  differences  in  the  relative  volumes 
of  the  spheres  of  influence  of  hydrogen,  chlorine,  bromine,  and 
iodine,  the  respective  x,  y,  and  z  values  agree  closely  throughout  the 
series. 

It  will  be  seen  from  the  foregoing  that  a  close-packed,  homogeneous 
assemblage  has  been  derived  which  is  entirely  representative  of  our 
chemical  and  crystallographic  knowledge  of  benzene  ;  also  that  the 
crystal  symmetry  of  several  of  the  halogen  derivatives  of  the  hydro- 
carbon is  almost  identical  with  that  of  a  close-packed  assemblage  of  the 
benzene  molecular  units  having  the  alternative  arrangement  described. 
Having  thus  given  a  detailed  example  of  the  methods  of  working 
adopted,  it  will  be  convenient  to  summarise  briefly  as  follows  the 
salient  features  presented  by  such  close-packed  equilibrium  assemblages 
as  those  depicted. 

Any  chemical  compound  can  be  represented  by  a  close-packed  and 
homogeneously   symmetrical  assemblage  of  slightly  deformed  spheres 
of  the  appropriate   magnitudes,  A,  B,  C,  kc,  in  which  the  numerical 
proportions  of  the  different  components  are  those  of  the  spheres  of 
inflvience  of  the  corresponding  atoms  present  in  the  molecule  of  the 
compound  represented.     In  order  to  differentiate  between  organic  sub- 
stances having  the  same  percentage  composition  but  different  mole- 
cular  weights    or  constitutions,  a    number  of    different    close-packed 
assemblages  of  the  same  composition  have  to  be  formed,  the  units  of 
which  are   different.       Thus    the    sevei-al    assemblages   composed    of' 
spheres    representing   carbon   and   hydrogen   in  equal  proportion  are) 
obtainable  which  correspond  in  number  and  properties  to  the  hydro-] 
carbons  of  the  empirical  composition  CH",  and  differ  among  themselves 
both  in  the  magnitudes   and  configurations  of  the  units  or  molecules 
into  which  they  are  partitionable.   One,  and  only  one,  configuration  of 
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unit  represents  acetylene  ;  another  dipropargyl  ;  and  a  third,  as  shown 
above,  represents  benzene.  Further,  the  comparison  of  numbers  of 
close-packed  assemblages  representing  organic  compounds  reveals  the 
existence  in  different  as.semblages  of  compound  groups  identical  in  com- 
position and  con6guration  ;  these  component  groups  are  the  radicles 
known  to  organic  chemistry,  and  the  persistence  of  a  particular  type 
of  structure  as  an  element  throughout  widely  differing  assemblages 
characterises  that  particular  structural  element  as  a  radicle.  Again,  the 
fragments  of  the  close-packed  assemblages  which  represent  different 
radicles  can  be  classified  in  homologous  or  related  series  according  to 
their  composition  and  symmetry  ;  the  groups  representing  complex 
radicles,  such  as  benzyl,  benzoyl,  acetyl,  ethyl,  &,c.,  contain  particular 
groups  representing  simpler  radicles,  svich  as  phenyl,  methyl,  &c., 
precisely  in  accordance  with  our  knowledge  of  those  complex  radicles. 

If  the  substance  under  consideration  is  one  of  known  crystalline  form, 
it  is  found  that  the  genei'al  symmetry  of  the  close-packed  assemblage 
is  identical  with  that  observed  in  the  corresponding  crystal.  The  axial 
ratios  and  interaxial  angles  of  the  latter  are  also  compatible  with  the 
relative  dimensions  of  the  close-packed  assemblage  ;  the  correspondence 
also  extends  to  the  optical  properties,  to  the  twinning  and  to  any  so- 
called  optical  anomalies  exhibited  by  the  crystalline  substance,  these 
being  paralleled  by  corresponding  symmetrical  structural  features  of 
the  properly  constituted  assemblage.  In  very  many  cases  close-packed 
assemblages  of  spheres  representing  a  particular  substance  can  be  built 
up  in  two  or  more  ways,  each  being  in  accordance  with  the  chemical 
nature  of  the  substance  and  pai'titionable  into  identical  chemical  mole- 
cules. The  one  of  these  assemblages  can  in  some  cases  be  distorted 
symmetrically  in  such  a  manner  that  it  passes  over  into  the  other,  the 
symmetrical  distortion  thus  enabling  a  passage  from  one  type  of 
symmetry  to  the  other.  The  alternative  of  symmetrical  arrangement 
of  the  same  set  of  units,  whether  achieved  in  this  way  or  not,  indicates 
polymorphism,  and  the  different  kinds  of  crystal lographic  symmetry 
actually  exhibited  by  the  substance  are  represented  by  the  types  and 
dimensions  of  the  two  or  more  close-packed  assemblages. 

Where,  in  consequence  of  the  presence  of  the  same  units  or  radicles 
in  two  assemblages  and  a  similar  or  partially  similar  arrangement  of 
them,  some  of  the  translations  or  other  dimensions  are  the  same  in  both 
assemV)lages,  difficulty  is  often  experienced  in  detecting  the  similarity 
of  dimension  ;  the  difficulty  is,  in  many  cases,  due  to  the  axial  directions 
chosen  not  corre.sponding  in  the  two  crystalline  structures,  similar 
directions  not  being  immediately  apparent  from  an  inspection  of  the 
crystalline  forms ;  an  instance  l)earing  on  this  is  found  in  the  cases  of 
hexachloro-  and  hexabromo-benzene,  dealt  with  above.  But  when  this 
complication  does   not  arise,  the  relation  between  polymorphous  iso- 
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mericles  is  frequently  seen  to  be  of  a  very  simple  character.  This  may 
be  illustrated  by  a  comparison  of  the  orthorhombic  mineral  gerhardtite, 
4CuO,N205,3H20,  with  the  synthetic  monosymmetric  compound  of  the 
same  composition,  using  the  crystallogranhic  data  by  Wells  and  Penfield 
{Zeit.  Kryst.  Min.,  1886,  11,  303). 


4CuO,N205,3H20. 

j3.  a      :     b    :    c.  x       :       y 

ISTatm-al   90°        0-92175  :  1  :  1-1562        3-1858  :  3-4562 

Synthetic    ...     85°27'    0-9190    :  1  :  1-1402        3-1976:3-4794 


z.  Density. 

3-9961         3-426 
3-9673         3-378 


Notwithstanding  the  difference  of  crystalline  system  and  of  density, 
it  will  be  seen  that  relative  lengths  of  corresponding  dimensions  in  the 
two  structures,  as  indicated  by  the  equivalence  parameters  x  :]/  :  z,  are 
almost  the  same.  A  slight  shear  of  the  orthorhombic  structure  would 
bring  its  .symmetry  into  congruence  with  that  of  the  monosymmetric 
one.  The  monosymmetric  mineral  eudidymite,  exhibiting  a  :  b  :  c  = 
1-7107  :  1  :  M  07  l,y8  =  86°  14' 30",  and  the  orthorhombic  epididymite  with 
a:b  :c=  1'7274  : 1  :  1*0680,  both  of  which  have  the  composition 
NaBeHSigOg,  are  related  in  precisely  the  same  manner  as  the  fore- 
going (Flink,  Zeit.  Kryst.  Min.,  1894,  23,  353).  Another  instance  of 
similar  kind  is  supplied  by  the  rhombohedi-al  and  monosymmetric 
forms  of  quinol,  which  are  described  in  detail  later  (p.  1704). 

The  previously  current  views  as  to  the  constitution  of  benzene  do  not, 
of  course,  lend  themselves  in  any  way  to  the  detection  of  a  connexion 
between  constitution  and  crystalline  form,  and  although  the  discussion 
of  the  initial  problem  has  led  to  a  result  which  agrees  so  well  with  the 
mass  of  available  qualitative  and  quantitative  data  that  little  doubt 
can  survive  as  to  the  general  accuracy  of  the  solution  offered,  it 
is  desirable  that  we  should  further  consolidate  ovir  position  by  the 
study  of  a  typical  set  of  substitution  derivatives  of  benzene.  We 
therefoi-e  proceed  to  the  investigation  of  the  three  dihydi^oxybenzenes, 
triphenylmethane  and  its  derivatives,  triphenylamine,  naphthalene,  and 
anthracene,  in  order  to  show  that,  by  adhering  strictly  to  the  mode  of 
procedure  adopted  in  the  case  of  benzene  itself,  it  is  possible  to  obtain 
close-packed  assemblages  of  the  appropriate  spheres  whose  types  of 
symmetry  and  relative  axial  dimensions  are  in  agreement  with  our 
chemical  and  crystallographic  knowledge.  Although  in  some  cases 
the  arrangement  in  the  actual  crystal  may  be  other  than  that  here 
suggested,  it  is  not  probable  that  this  frequently  occurs,  as  it  would 
generally  involve  the  existence  of  two  arrangements  for  the  same 
molecular  units,  both  very  closely  packed  and  both  displaying  sym- 
metry of  structure  referable  to  the  same  one  of  the  thirty-two  crystal 
classes,  and  having  the  same  or  intex-convertible  axial  dimensions. 
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Quinol. 
HO-C<^}^:^g>C-OFT. 

Quinol,  or  p-dihydroxybenzene,  is  dimorphous,  and  the  first 
modification  to  which  we  direct  attention  is  that  which  crystal- 
lises in  the  rhombohedral  system  and  exhibits  a  =  108°  4' 30";  «:c  = 
1:0'6591  (Groth).  The  occurrence  of  the  high  rhombohedral  sym- 
metry is  of  importance,  in  that  it  imposes  narrow  limitations  upon  the 
nature  of  the  close-packing  of  the  molecules  in  the  crystal  structure 
and  upon  the  configuration  of  the  molecules  themselves.  The  assemb- 
lage appropriate  to  quinol  is  derived  from  the  benzene  unit  or 
molecule  in  the  following  manner. 

Benzene  complexes  distorted  as  in  Fig.  3  are  arranged  in  mutual 
contact  and  similarly  orientated  upon  the  same  plane  in  such  a  way 
that  the  centres  of  the  complexes  lie  at  the  knots  of  an  equilaterally 
triangular  network.  Triads  of  small  spheres  are  observable  in  the 
plane  layer  thiis  obtained,  just  as  in  Fig.  3,  but  the  three  individual 
spheres  forming  a  triad  are  no  longer  all  in  contact.  Substitute  now 
one  sphere  of  each  triad  by  a  sphere  of  twice  its  volume,  the  sub- 
stituted spheres  being  similarly  situated  throughovit  the  plane  layer  of 
complexes,  and  being  so  selected  as  to  conserve  the  digonal  axis 
of  rotation  which  passes  through  the  centre  of  each  benzene  complex. 
The  introduction  of  this  larger  sphere  just  about  sufiices  to  bring  it 
into  contact  with  the  two  smaller  spheres  of  the  same  triad,  but  still 
leaves  in  the  structure  a  gap  bounded  on  one  side  by  those  two  smaller 
spheres ;  this  gap  is  filled  by  the  introduction  of  another  hydrogen 
sphere,  which  then  makes  contact,  or  nearly  so,  with  five  spheres  of  a 
face  layer.  This  last  inserted  sphere  is  rather  large  for  the  narrowest 
part  of  the  gap  which  it  occupies,  and  will  therefore  pi-oject  a  little, 
either  above  or  below  the  level  of  the  hydrogen  spheres  ;  its  position 
can,  however,  be  so  adjusted  as  still  to  conserve  the  digonal  axes. 

The  arrangement  now  arrived  at  is  indicated  in  Fig.  10,  in  which 
the  two  layers  of  spheres  making  up  the  one  layer  of  complexes  are 
respectively  represented  by  continued  and  broken  lines ;  the  thick 
straight  lines  represent  the  projections  of  the  digonal  axes.  Each  of 
the  broken  line  hexagonal  cells  indicated  approximately  outlines  one 
quinol  molecule  or  one  unit  of  the  structure. 

Since  the  plane  network  formed  by  tlio  centres  of  the  original 
benzene  complexes  becomes  in  the  cjuinol  structure  an  equilaterally 
triangular  one,  successive  layers  of  complexes  identical  with  the 
first  can  be  built  up  so  that  the  set  of  digonal  axes  found  in 
any  one  layer  is  at  120°  with  the  set  found  in  the  next  layer.  The 
orientation    of    successive  layers  thus   related   is  so  chosen  that   the 
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system  forms  a  series  of  screw-spiral  ;  corresponding  points  in  the 
first  and  fourth  layers  of  complexes  having  the  same  projection  on 
the  plane  parallel  to  the  first  plane  layer.  On  thus  stacking  successive 
layers,  the  spheres  of  any  layer  may  individually  move  lip  or  down 
slightly  in  such  a  manner  as  to  accommodate  the  contours  of  neighbour- 
ing layers.  As  the  presence  of  spheres  of  different  sizes  makes  the 
layers  of  different  thicknesses  in  different  parts,  it  is  essential  for  close- 
packing  that  the  layers  should  be  so  adjusted,  one  above  the  other, 
that  thick  portions  of  the  one  are  superposed  upon  thin  portions  of  the 
next ;  this  is  achieved  by  the  adoption  of  the  spiral  arrangement 
described.     The  attainment  of  close-packing  will  be  further  assisted 
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because,  since  the  mass  consists  of  elastic  deformable  spheres  and  is 
supposed  subject  to  a  general  and  uniform  compression,  a  slight  mutual 
adjustment  of  the  relative  positions  of  the  component  spheres  will 
occur  so  as  to  produce  increased  closeness  of  packing ;  this  change 
will  be  probably  symmetrical,  and  .therefore  unlikely  to  alter  the 
character  of  the  general  symmetry.  In  the  present  case  it  will  not  be 
necessary  to  indicate  the  precise  nature  of  this  adjustment,  and  the 
more  so,  as  it  consists  merely  in  a  slight  movement,  mostly  up  or  down, 
of  some  sphere  or  spheres  with  respect  to  others  in  the  layer.  For  the 
sake,  however,  of  clearness,  it  will  be  well  to  state  in  general  terms 
the  nature  of  this  mutual  accommodation  of  the  layers  of  an  assemblage 
one  to  another,  which  can  occur  without  the  accompaniment  of 
material  rearrangement  or  remarshalling. 
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If  an  assemblage  of  elastic  spheres,  mutually  in  contact  and  subject 
to  general  compres-iion,  or  some  system  of  mutually  repellent  centres 
mechanically  equivalent  to  it,  is  nearly  but  not  quite  closely-packed  or 
in  equilibrium,  the  assemb'age  will  pass  to  a  condition  of  equilibrium 
in  close-packing  by  executing  small  relative  mutual  adjustments  of  its 
parts.  And  if  the  original  system  is  either  symmetrical  or  so  nearly 
symmetrical  as  to  be  capable  of  becoming  completely  so  when  equili- 
brium is  ultimately  reached,  the  resultant  assemblage  will  be  a 
symmetrical  or  homogeneous  one ;  in  other  words,  the  same  conditions 
of  equilibrium  will  continually  x-epeat  themselves  throughout  it.  And 
when  it  is  considered  that  the  spheres  of  influence,  which,  for  purposes 
of  simplicity,  we  are  now  treating  statically,  are  certainly  the  seat  of 
great  dynamic  activity,  it  must  be  concluded  that  the  establishment 
of  equilibrium  as  just  indicated  will  be  a  very  rapid  process.  The 
question  as  to  what  equilibrium  of  composition  must  characterise  a 
system  in  order  that  it  may  be  capable  of  close-packing  in  homogeneous 
arrangement  is  discussed  in  a  later  chapter 
on  valency.  • 

It  will  be  seen  that  the  geometrical 
partitioning  of  the  assemblage  shown  in 
Fig.  10  resolves  it  into  units  or  molecules 
of  the  para-constitution,  in  which  the 
spheres  of  intermediate  size  representing 
oxygen  are  diametrically  opposite  each 
other  on  a  line  passing  through  the  centre 

of  the  molecule  (Fig.  11).  The  hydroxylic  hydrogen  spheres  are 
not  shown  in  Fig.  11,  because  their  precise  position  is  not  fixed 
by  the  symmetry ;  it  is  not  immediately  apparent  what  precise 
course  is  taken  by  the  walls  of  the  partitioning  which  sepai'ates 
the  assemblage  into  molecular  units. 

The  assemblage  depicted  in  Fig.  10  as  appropriate  for  quinol 
possesses  trigonal  symmetry,  and  in  addition  has  digonal  axes  perpen- 
dicular to  and  intersectiug  the  ti-igonal  axes  ;  the  digonal  axes  are 
those  already  described,  and  also  an  equal  number  which  lie  midway 
between  and  parallel  to  them.  It  is  identical  in  kind  with  that 
attributed  to  quinol  on  the  basis  of  the  goniometrical  examina- 
tion, with  the  exception  that  it  possesses  no  centres  or  planes  of 
symmetry ;  the  assemljlage  is  thus  an  enantiomorphous  one,  and  is  of 
type  46  or  47  of  Barlow.  The  type  of  symuietry  of  the  measured 
crystals  of  quinol  and  of  the  structure  described  and  figured  above 
being  identical,  with  the  exception  that  the  indicated  cnantiomorphism 
has  not  been  detected,  it  remains  to  show  that  the  axial  ratios  of 
the  crystals  are  compatible  with  the  dimensions  of  tliis  structure 
and  that  attributed  above  to  benzene. 
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On  substituting  3a/4  for  a  in  the  axial  ratios  for  quinol,  the 
latter  become  a :  c  =  1  : 0'8788,  and,  throwing  these  into  the  ortho- 
rhombic  form  of  a:h  :  c  =  0-8660  :  1  :  0-7610,  and  calculating  the  equi- 
valence parameters,  taking  the  valency  volume  IK  =34,  the  values 
a  :  2/ :s  =  3-2238:  3-7227  :  2-8330  are  obtainei.  Fig.  10  is  drawn  to 
the  same  scale  as  the  benzene  assemblage,  employing  these  parameters  ; 
the  value  of  z  is,  as  it  should  be,  a  trifle  greater  than  in  the  case  of 
the  hydrocarbon. 

The  principal  dimensions  of  the  monosymmetric  form  of  quinol 
become  nearly  identical  Avith  those  of  the  rhombohedral  form  if  the 
fractions  of  the  axial  ratios  suggested  by  Arzruni  {Physik.  C/iem. 
d.  Kryst.,  1893,  227)  are  adopted,  for  then  a/3  :  6  :  c/2  =  0-8683  : 
1:0*7790,  ;8=107°,  are  obtained.  Two  of  these  axial  values  are 
identical  with  those  of  the  rhombohedral  form,  and  the  third,  namely, 
the  c-value,  corresponds  to  an  oblique  measurement  expressing  nearly 
the  same  thickness  of  stratum  as  is  indicated  by  the  corresponding 
perpendicular  axis  c  in  the  trigonal  form.  The  equivalence  para- 
meters, ic  :?/:  5;=  3-2526  :  3-7459  :  2-9184,  /3=107°,  are  obtained  from 
the  axial  data  modified  as  above  ;  in  comparing  these  values  with  those 
of  the  rhombohedral  form  it  should  be  noted  that  2-9184  x  sin  107°  = 
2-7909,  a  quantity  very  near  to  the  2;-value  of  2-7800  for  benzene. 

It  is  suggested  that  the  assemblage  of  the  monosymmetric  form  of 
quinol  is  composed  of  layers  of  the  same  nature  as  those  present 
in  the  rhombohedral  assemblage  depicted  in  Fig.  10,  which  there- 
fore applies  to  both  forms,  but  that  the  disposition  of  succeeding 
layers  is  different.  The  arrangement  in  the  case  of  the  rhombohedral 
form  is  that  derived  from  the  holohedral  hexagonal  arrangement  of  the 
benzene  complexes,  whilst  in  the  monosymmetric  form  the  layers  are 
so  deposited  one  on  the  other  that  a  plane  of  symmetry  passes  through 
the  centre  of  each  benzene  complex  perpendicular  to  the  digonal 
axis.  In  other  words,  the  two  assemblages  assigned  to  quinol 
precisely  parallel  the  two  attributed  above  to  benzene ;  one  of 
these  is  found  in  the  crystalline  hydrocarbon  itself  and  its  per- 
halogen  derivatives,  and  the  other  in  its  di-  and  tetra-halogen  deriva- 
tives. 

CH 

/% 
,,         .     ,       HC       CH 

HO-C       C-OH 

CH 

In  order  to  obtain  a  homogeneous  assemblage  isomeric  with  that 
representing  quinol,  but  in  which  the  two  hydroxyl  groups  are 
in  the    meta-positions    as    in    resorcinol,    layers    differing   distinctly, 
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though  not  greatly,  from  those  indicated  in  the  former  case  must  be 
employed.  Au  a:?semblage  representative  of  the  structural  features  of 
resorcinol  is  shown  in  Fig.  12,  in  which,  as  in  the  case  of  the  quinol 
as!?emblage  shown  in  Fig.  10,  each  considerable  gap  among  the  large 
spheres  of  a  layer  is  occupied  by  three  of  the  smallest  or  hydrogen  size 
and  one  of  the  medium  or  oxygen  size.  In  Fig.  12  the  projection  of 
one  half  of  the  double  layer  of  spheres  or  single  layer  of  benzene 
complexes  is  represented  by  broken  lines,  the  other  half,  which  is 
either  above  or  below  the  first,  being  indicated  by  continuous  lines ; 
the  exigencies  of  the  packing  do  not  allow  of   the  centres  of  all  the 


—s 


spheres  in  a  layer  lying  quite  in  the  same  plane,  and  the  extent  of  this 
deviation  is  indicated  by  a  slight  overlapping  in  parts  of  the  projection. 
The  hydroxylic  hydrogen  sphere  in  particular  is,  just  as  with  quinol, 
prevented  from  attaining  the  level  of  the  others  by  being  rather  large 
for  the  narrower  parts  of  the  gap  into  which  it  must  be  inserted,  and 
therefore  projects  above  the  others. 

As  before,  the  assemblage  can  be  geometrically  partitioned  into 
hexagonal  prisms  with  identical  contents  as  indicated  in  the  figure ; 
the  hexagons  are,  however,  not  now  regular.  The  molecule  is  derived 
as  before  by  associating,  in  accordance  with  the  partitioning,  a  group 
of  spheres  of  one  layer,  whoso  centres  are  contained  within  a  single 
prism,  with  a  corresponding  group  in  the  layer  immediately  above  or 
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below,  whose  centres  are  contained  in  the  same  prism.  The  exact 
nature  of  the  attachment  of  the  hydroxylic  hydrogen  atom  is,  as  in  the 
case  of  quinol,  left  undetermined  by  the  symmetry ;  but,  if  the 
centres  of  these  hydrogen  atoms  lie  all  slightly  above  or  slightly  below 
the  planes  of  the  respective  layers,  the  system  possesses  digonal 
screw  axes  perpendicular  to  the  plane  of  the  diagram  through  all  such 
points  as  C^,  Cg,  Cg,  C^,  the  translation  component  of  which  is  s/g, 
where  «  is  a  translation  of  the  system  in  a  direction  perpendicular  to 
the  plane  of  the  diagi-am.  Two  sets  of  planes  of  gliding-symmetry  per- 
pendicular to  the  plane  of  the  diagram  are  also  present,  and  are 
marked  AB,  DE,  and  FG,  HK,  in  Fig.  1 2.  The  symmetry  about  the 
digonal  axes  is  manifest  if  the  system  formed  by  the  continuous  line 
circles  is  rotated  as  a  whole  through  ]  80"  about  any  one  of  the  points 
C^,  Cg,  &c.,  when  all  its  parts  come  to  coincidence  with  the  system 
foi'med  by  the  broken  line  circles. 

The  system  displays  hemimorphous  orthorhombic  symmetry  of  the 
type  53^4  in  Barlow's  list  and  12  a  of  Fedoroff ;  it  is  therefore 
identical  in  ci-ystallographic  symmetry  with  the  crystals  of  resorcinol 
which  Calderon  described  as  belonging  to  the  hemimorphous  ortho- 
rhombic  system  and  as  having  the  axial  ratios  a  :b  :c  =  0'9123  :  1  :0'5876. 
It  remains  now  to  show  that  these  axial  dimensions  are  compatible 
with  the  figured  structure. 

On  substituting  c  by  4c/3  in  the  axial  ratios  given  above,  the  values, 
a  :&  :  4c/3  =  0'yi23  :  1  ;0*7835,  are  obtained,  and,  since  Tr=  34,  the 
equivalence  parameters  are  x\y\z:  =  3-3055  :  3*6233  :  2'8388.  It  is 
interesting  to  note  that  the  value  «,  which  represents  a  translation 
perpendicular  to  the  plane  of  Fig.  12,  is  practically  identical  with  the 
corresponding  value  for  quinol.  The  a^iplicability  of  the  above 
set  of  axial  ratios  is  shown  as  before  by  drawing  the  figure  represent- 
ing the  assemblage  to  the  scale  adopted  for  benzene,  using  the  above 
equivalence  pai-ameters. 

CH 


Catechol,       i       1 1 

HC      C-OH- 
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Catechol,  or  o-dihydroxybenzene,  is  monosymmetric  with  the 
axial  ratios  a:b:c=i  -6086  : 1  :  1  -0229,  (i  =  85°45'  {Bcckenkamp, 
Zeit.  Kryst.  Min.,  1900,  33,  599),  These  values  maybe  transposed  by 
writing  a^  for  h,  b^  for  c,  and  Cj  for  a/2,  and  then  become  a^  :  6^  :  c^  = 
1  :  1-0229  :  0-8043,  y  =  85°45';  the  valency  volume,  )('-34,  as  before, 
and  the  equivalence  parameters  are  a;  :  ?/ :  s  =  3-4605  :  3-5398  :  2-7833. 
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The  values  of  y  and  z  thus  obtained  differ  but  little  from  those  of 
benzene,  and,  in  harmony  with  this,  benzene  complexes  in  which  the 
ortho-substitution  of  two  oxygen  and  two  hydrogen  spheres  for  two 
hydrogen  spheres  has  been  made  can  be  fitted  together  to  form 
columns  and  walls  just  as  in  the  case  of  the  benzene  assemblage;  the 
walls  can  be  placed  at  different  levels  so  as  to  pack  together  more 
closely,  but  their  relative  positions  must  not,  as  is  the  case  with  benzene, 
be  such  as  to  produce  digonal  axes  in  the  directions  a  and  c.  If,  how- 
ever, the  digonal  axis  which  passes  through  the  middle  of  each  unit 
taken  alone  is  made  the  direction  of  the  6-axis  in  the  assemblage,  the 
fitting  together  of  the  walls  being  effected  consistently  with  this, 
monosymmetric  symmetry  will  result. 

The  direction  of  a  in  the  axial  ratios  stated  is  possibly  ill-chosen,  but, 
premising  that  the  other  two  axial  dii'ectious  have  been  correctly 
located,  and  that  their  dimensions  are  as  indicated,  a  different  choice 
for  the  direction  a  would  cause  no  change  in  the  dimensions  indicated 
as  the  mean  thickness  of  the  walls.  And  thvis,  the  selection  of  any 
other  axial  direction  for  the  a-axis,  as  according  better  with  the  con- 
struction of  the  assemblage,  will  accord  equally  well  with  the  constants 
h  and  c  or  x  and  z.  The  extent  to  which  one  wall  is  sheared  upon 
the  next  is  in  any  case  probably  not  the  same  as  in  benzene,  owing  to 
the  conditions  being  complicated  by  the  changed  configuration  of  the 
molecular  complexes. 

Without  tracing  the  precise  form  of  the  catechol  assemblage,  a 
diagrammatic  representation  of  the  symmetry  of  the  system,  in  which 
the  shear  is  not  taken  into  account,  is  given  by  Fig.  13,  which  thus 
shows  merely  the  mutual  disposition  of  the  hexagonal  cells  using  the 
equivalence  parameters  stated  above,  and  without  indicating  huw  the 
walls  are  fitted  together.  The  proper  sizes  of  the  various  spheres  on 
the  benzene  scale  are  not  employed,  but  only  their  correct  relative 
orders  of  magnitude. 

For  purposes  of  comparison  it  is  convenient  to  resume  the  data 
concerning  the  dihydroxybenzenes  in  the  accompanying  table. 

Crystal 

system,  a     :    h    :    c  x      :       y       '.      z 

Quiuol  Rh.  o=10S°4'30"  3-2238  :  3-7227  :  2-8330 

„  Mo.         2-6050:1:1-5580         3-2526  :  3-7459  :  2-918-1 

,3  =  107'' 

Resorcinol     Or.  0-9123  :  1  :  0-.5876         3-3055:3-6233:2-8388 

Catechol    Mo.         1-6086  :  1  :  1-0229         3-4605  :  3-5398  :  2-7833 

;3  =  85°45' 

Trijihenyhnelhane,  {(.\-^  1 1 5)3^11  • 

'l"he  stable  modification  of  triplienylmethane  belongs  to   the  hemi- 
mor))hous     orthorliombic     system     with     «  :  6  :c'  =  0"5716  :  1  :  0-68G7 
VOL.    LXXXIX.  5   U 
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(Hintze,  Zeit.  Kryst,  Min.,  1884,  9,  546)  ;  the  labile  form  is  also 
orthorhombic,  and  gives  ct  :  b  :  c  =  0'7888  :  1  :  0-6959  (Groth,  Zeit.  Kryst. 
Mm.,  1881,  5,  478). 

An  assemblage  appropriate  for  the  stable  modification  of  triphenyl- 
methane  is  derived  by  disposing  three  benzene  complexes  (Fig.  2) 
triangularly  and  similarly  orientated  in  the  same  plane,  and  replacing 
the  single  triad  of  hydrogen  spheres  by  one  sphere  of  the  volume  used  for 
carbon  in  such  a  way  that  the  latter  makes  contact  with  the  three  com- 
plexes and  has  its  centre  in  the  same  plane  as  the  other  spheres  of  the 
layer.  The  large  complex  (Fig.  14)  now  has  the  composition  and  consti- 
tution of  the  triphenylmethyl  radicle,  and  a  column  of  such  double  layers 


can  be  built  up,  just  as  in  the  case  of  benzene  (Fig.  4),  and  consists  of 
alternating  single  layers  of  two  kinds.  The  packing  of  the  benzene 
complexes  about  the  central  and  last  inserted  carbon  sphere  in  the 
assemblage  can,  however,  be  made  closer  by  effecting  a  slight  adjust- 
ment and  then  inserting  an  additional  set  of  hydrogen  spheres  in  the 
numerical  proportion  of  one  to  each  triad  of  benzene  complexes,  in  the 
manner  shown  in  Fig.  15.  The  centre  of  the  last  added  hydrogen 
sphere  is  not  exactly  in  the  plane  containing  the  centres  of  the 
original  spheres,  but  lies  a  little  above  or  below  that  plane,  because 
the  available  space  is  rather  too  constricted  in  the  plane  of  these 
centres,  whilst  there  is  still  space  above  and  below.  This  condition  is 
indicated  by  the  added  hydrogen  spheres  overlapping  their  neighbours 
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slightly,  as  shown  in  the  plan  of  the  complete  structure  given  in  ^Fig. 
16.      Each  of  the   last  added  hydrogen   spheres  is  in  contact    with 
either,  but  not  with  both,  of  the  methylic  carbon  atoms  belonging  to 
the  layers  immediately  above 
and  below.  Fig.  14. 

After  a  further  slight  ad- 
justment Avhich  does  not  in- 
volve remarshalling,  the 
composite  columnar  groups 
thus  constituted  can  be 
aggregated  so  as  to  form 
linear  serrated  walls.  Each 
of  these  walls,  as  in  the 
case  of  resorcinol,  consists 
of  alternate  single  layers  of 
the  two  kinds  represented 
by  continuous  and  bx'oken 
line  circles.  Finally,  the 
walls  thus  composed  can  be 
fitted  together  and  inter- 
locked by  being  placed  at  different  levels,  just  as  in  the  case  of 
benzene,  and  in  the  manner  represented  in  Fig  16.  The  nature  of 
the  geometrical  partitioning  by  means  of  which  the  structure  is 
divided  into    identical    molecules    is    indicated   by  the   thick  broken 

lines    in    the    figure,     the 
^^^-  ^^-  slight   protrusion  of  some 

of  the  spheres  of  a  molecule 
beyond  the  prism  boundary 
of  its  space-unit  being  only 
apparent,  and  accounted 
for  by  the  interlocking. 

It  is  not  suggested  that 
the  diagram  presents  great 
accuracy,  but  it  suflices  to 
show  the  possibility  of  com- 
bining such  molecular  com- 
plexes as  those  of  triphenyl- 
methane  so  as  to  form  a 
close-packed  assemblage, 
and,  as  before,  some  slight 
mutual  adjustment  of  the  relative  positions  diagrammatically  indicated 
is  all  tliat  is  necessary  to  produce  statical  equilibrium  of  such 
an  assemblage  as  the  one  proposed.  This  obviously  trivial  change 
can  he  made  so  as  not  to  alter  the  character  of  the  symmetry,  and 

5  U  2 
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may,  indeed,  be  regarded  as  negligible.  If  the  methane  hydrogen 
spheres  last  inserted  in  the  structure  lie  all  slightly  above  or 
slightly  below  the"  general  planes  of  their  respective  layers,  digonal 
axes  exist , 'perpendicular  to  the  plane  of  Fig.  16  through  the  points 
marked  (7j,  Co>  C'a,  C^  ;  these  are  the  only  ones  which  can  be  present. 
Planes  of  symmetry  exist  perpendicular  to  the  plane  of  the  diagram 


and  at  right  angles  to  the  direction  of  extension  of  the  walls  of  com- 
plexes ;  they  pass  midway  between  the  rows  of  digonal  axes.  Consequent 
on  the  existence  of  these  planes  and  axes  of  symmetry,  there  are 
also  present  planes  of  gliding-symmetry ;  these  are  perpendicular  to 
the  plane  of  the  diagram,  and  bisect  the  walls  in  the  direction  of 
their  extension.  The  direction  of  the  shift  in  these  is  perpendicular  in 
the  plane  of  the  diagram,  namely,  in  the  direction  of  the  axis  h  or  y. 
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Fig.  17. 


The  strvicture  displays  hemimorphous  orthorliomliic  symmetry,  and 
is  of  the  type  marked  56  7?.^  in  Barlow's  list  and  6/i  in  that  of  Fedoroff, 
and  the  crystallographic  symmetry  is  thus  identical  with  that  assigned 
by  Hintze  to  the  stable  form  of  triphenylmethane.  That,  in  addition 
to  this  identity  in  symmetry,  the  axial  ratios  of  the  hydrocarbon  also 
agree  with  the  dimensions  of  the  assemblage,  may  be  shown  as 
follows :  The  valency  volume  of  triphenylmethane  is  92,  and,  on 
taking  in  the  axial  ratios  given  above,  J/2  and  4c/9,  so  that 
a  :  5  :c  =  1"1432  : 1  :  0'5216,  the  equivalence  parameters,  x:y:z  = 
6"1317  : 5'3637  :  2-7973,  are  obtained;  these  numbers  have  been  used 
for  drawing  Fig.  16  to  the  same  scale  as  Fig.  3  for  benzene.  It  will 
be  seen  that  the  value  .'k  =  6'1317  is  about  twice  the  corresponding 
value  a;=:  3-1001  for  benzene,  and  that  :2  =  2-7973  for  triphenylmethane 
is  slightly  greater  than  ;5  =  2-780  for  benzene.  The  unique  position 
of  the  methane  hydrogen  sphere 
is  observable  in  other  cases,  and 
is  perhaps  accountable  for  the 
facility  with  which  this  atom  is 
exchanged  or  replaced. 

Another  arrangement  of  the 
same  complexes,  very  similar  to 
the  one  just  described,  is  pos- 
sible, which  also  exhibits  hemi- 
morphous orthorhombic  sym- 
metry, and  which  is  perhaps  the 
more  probable  of  the  two  ;  it  is 
obtained  as  follows  : 

Instead  of  placing  the  com- 
plexes   which  lie    on    the    same 

vertical  line  in  the  diagram  on  the  same  level,  let  those  lying  on  the 
.same  horizontal  line  be  so  placed ;  the  plane  assemblage  of  complexes 
thus  consists  of  horizontal  strings  on  two  levels,  as  shown  diagrammati- 
cally  in  Fig.  1 7.  On  laying  down  succeeding  layers,  let  the  orientation  of 
each  string  be  reversed  so  that  digonal  screw  axes  pass  perpendicular 
to  the  plane  of  the  diagi\am  through  all  points  A,  A',  B,  B' ;  planes  of 
symmetry  pass  horizontally  through  the  axes  A,  A',  />,  />'',  and  planes 
of  gliding-symmetry  pa.ss  midway  Ijctween  points  A,  A'  and  between 
points  B,  />'.  The  adjustment  of  the  parts  in  a  complex  has  to  be 
slightly  different  from  that  obtaining  in  the  case  previously  described, 
in  order  that  the  axial  ratios  may  be  those  stated  ;  the  form  of  complex 
requisite  is  that  approximately  indicated  in  Fig.  18. 

The  labile  orthorhoraI)ic  form  of  triphenylmethane  with  a:b:c  — 
0-7888:1  : 0-6959  has  probably  not  been  so  exactly  mcasui'ed  as  the 
stable  modification,    but  on    selecting   the  multii)los^  3&/2    and    5c/2, 
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and  exchanging  a  and  c,  the  equivalence  parameters,  x:y:z  = 
6-1738  :  5-3231  :  2-7995,  result:  these  agree  closely  with  the  corre- 
pponding  values  given  for  the  stable  modification.  Holohedral 
orthorhombic  symmetiy  may  be  attained  by  the  introduction  of 
additional  digonal  screw  axes  whose  projections  are  vertical  lines  in 
the  diagram,  and  which  reverse  the  orientation  of  alternate  walls  of 
complexes ;  or  the  symmetry  may  be  similarly  heightened  by  some 
other  analogous  method. 

Since  the  height  of  one  double  layer  composing  a  plane  of  packed 
triphen3']methano  complexes,  namely,  s  =  2-7973,  is  about  the  same 
as  the  corresponding  dimension,  s  — 2-780,  in  tlie  benzene  assemblage, 
and  since  the  contour  and  dimensions  of  one  triphenylmethane  complex 
in  the  assemblage  are  nearly  identical  with  those  rf  a  plane  arrange- 
ment of  three  benzene  com- 
^^^'-  IS-  plexes,  it  should  be  possible 

to  arrange  a  plane  as- 
semblage consisting  of  tri- 
phenylmethane and  ben- 
zene complexes  in  equal 
numbers  in  close  order, 
and  then  to  form  a  close- 
packed  assemblage  by 
piling  up  the  layers  thus 
obtained.  And  it  is  doubt- 
less as  a  result  of  such  a 
process  as  this  that  tri- 
phenylmethane and  ben- 
zene yield  the  crystalline 
compound, 

which  is  rhoml)ohedral  with  a  :c=l  :  2-5565  (llintze,  Zeit.  Kryst.  Min., 
1884,  9,  545). 

Tiie  alternative  arrangement  of  the  benzene  molecular  complexes, 
that,  namely,  which  is  derived  from  a  cubic  assemblage  and  desci'ibed 
on  p.  1699,  is  evidently  more  likely  than  the  rhombic  benzene  arrange- 
ment to  lend  itself  to  the  derivation  of  the  rhotnbohedral  symmetry 
of  the  substance  in  question.  Accordingly,  we  find  that  a  mixed 
assemblage  composed  of  equal  numbers  of  triphenylmethane  and 
benzene  complexes  fulfilling  the  required  conditions  is  obtainable 
from  the  alternative  form  of  benzene  ai-rangement  in  the  following 
manner  : 

Partition  a  layer  of  benzene  complexes  of  the  latter  assemblage  into 
a  mixture  of  triplets  and  single  complexes,  as  indicated  diagrammati- 
cally  in  Fig.  19  ;  exchange  the  triplets  for  triphenylmethane  complexes. 
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assigning  to  tliese  the  three  different  orientations  possible  in  a  symme- 
trically distributed  manner ;  the  result  is  a  highly  symmetrical  layer 
having  trigonal  symmetry  about  axes  perpendicular  to  it.  Pile  such 
layers  one  upon  the  other  in 

such  a  way  that  corresponding  Fig.  19. 

points  such  ^?,  A,  A,  A  ;  B,  B, 
B ;  G,  G,  G,  respectively,  lie  on 
staircase  spirals  whose  axes 
are  perpendicular  to  the  plane 
of  the  diagram  through  0', 
0",  0'" ;  this  would  be  repre- 
sented by  the  superposition 
of  the  diagrams  a,  h,  and  c. 
The  result  will  evidently  be 
an  assemblage  whose  dimen- 
sions are  very  compatible  with 
those  of  the  second  benzene 
arrangement.  The  symmetry 
of  the  assemblage  depicted  is 
that  of  the  crystal  class  No. 
18,  and  the  data  furnished  by 
Hartley  and  Thomas  (this  vol., 
p.  1019)  show  that  the  com- 
pound (C6H5)3CH,C^;He,  crys- 
tallises in  class  17  or  18. 

In  Older  to  show  that  the 
axial  ratios  of  the  crystalline 
double  compound  are  in 
harmony  with  this  view,  it 
must  be  first  pointed  out 
that,  dividing  c  by  three,  and 
multiplying  throughout  by 
0"8660,  the  axial  ratios  are 
obtained  in  orthorhombic 
form  as  a:h  :c  =  0'H660  :  1  : 
0"7380  ;  these  figures  are 
almost  identical  with  those  of 
;)-di-iodobenzene  given  on  p. 
1702,  namely,  2a  :  6  :  2c  = 
0-8684:1  :  0-7306.  Now  the 
valency    volume,    IF,    of    the 

double  compound  is  92 -f  30  =  122,  and,  since  its  magnitude  is  about 
that  of  four  benzene  units,  the  values  a  and  h  may  each  be  multiplied 
by  two  so  as   to  be  about  double  the   corresponding   values  for   the 
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Fig.  20. 


benzene  form;  the  equivalence  parameters  then  become  x:y:z  = 
6-2824  :  7*2545  :  2-6769.  These  figures  indicate  a  slight  increase  in 
the  z  value  as  compared  to  that  of  the  ;>di-iodobenzene,  namely, 
s  =  2-6419;  this  maybe  traced  to  the  introduction  of  the  methane 
residue,  CH. 

Whilst  the  character  of  the  triphenylmethane  assemblage  is  such 
that  by  a  rearrangement  of  the  kind  suggested  cavities  of  the 
shape  and  size  of  the  benzene  unit  can  be  readily  pi-oduced, 
complexes  of  other  shapes  and  sizes  could  not  be  so  easily 
intercalated.  And  in  harmony  with  this  it  is  known  that  the 
hydrocarbon  does  not  form  addition  compounds  with  fatty  substances 

nor  with  homologues  of    benzene, 
but  does  so  with  thiophen,  pyrrole, 
and    aniline,    all    substances    pos- 
sessing the  hexagonal  contour   of 
benzene    (Hartley    and    Thomas, 
loc.   cit.,    1014).     Compatibility  of 
solid    contour    appears    to    be    a 
determining    factor    in    the     pro- 
duction  of  other  and  similar  ad- 
dition compounds.  Thus,  v.  Baeyer 
found  {Ber.,   1905,  38,   589)  that 
jo-tri-iodotriphenylcarbinol      forms 
an  addition    compound  with  ben- 
zene.      The    picrates    of    aromatic    hydrocarbons    are    also    probably 
similarly    constituted  to  the  compound,    CH(CgH,^)3,C,;Hg,  as    inter- 
calations of  two  compatibly  shaped  groups. 


TripJienylmethyl  Bromide,  (G^^^^GBr. 

Triphenylmethyl  bromide  is  rhombohedral  with  a  :c  =  0-7843 
(Hintze,  Zeit.  Kryst.  Min.,  1884,  9,  549),  and  on  writing  the  axial 
ratios  in  the  orthorhombic  foi^m  of  «:  6  :  c  =  0-8660  :  1  :  07843,  a 
great  resemblance  to  the  constants  of  benzene  becomes  apparent. 
W  is  92,  and  when  2«  and  36/2  are  taken  in  order  to  make  the  space- 
unit  commensurate  with  the  molecular  complex  of  triphenylmethane, 
the  equivalence  parameters  a;  :?/:  c;  =  6*1671  :  5-3411  :  2-7932,  values 
nearly  identical  with  those  for  triphenylmethane,  are  obtained. 
The  manner  in  which  triphenylmethane  complexes  of  the  form 
represented  in  Fig.  18  can  be  arranged  in  rhombohedral  symmetry 
is  indicated  in  Fig.  20  ;  trigonal  screw  axes  occur  perpendicular 
to  the  plane  of  the  diagram  through  C^,  Ca,  0^,  and  the  three 
different  levels  at  which  the  complexes  lie  are  indicated  by  the 
absence  of  shading  and   by  the  light  and  dark  hatching.     The  type 
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of  symmetry  is  that  numbered  42  and  43  in  Barlow's  list  and  15 
and  16  in  that  of  Sohncke  ;  three  different  oi^ientations  of  the 
complexes  are  involved,  as  indicated  by  the  arrows. 

Triphenyharhinol,  (0^115)30 "OH. 

The  replacement  of  the  bromine  atom  in  tviphenylmethyl  bromide 
by  a  hydroxy!  group  to  form  triphenylcarbinol  involves  the  insertion 
into  the  assemblage  of  an  oxygen  sphere  of  volume  two  and  a 
hydrogen  sphere  of  volume  one  in  place  of  the  bromine  sphere  of 
volume  one.  A  consideration  of  Fig.  16  shows  that  but  little  change 
need  result  to  the  assemblage  by  this  substitution ;  the  oxygen 
sphere  will  take  the  place  of  the  bromine  sphere,  and  the  forcing 
apart  of  the  structure  necessary  for  this  will  be  accompanied  by 
an  enlargement  of  the  triangular  space  below  the  bromine  sphere 
such  as  will  allow  of  the  insertion  of  another  hydrogen  sphere. 
Some  mutual  adjustment  of  paints  is  required  to  re-establish  close- 
packing,  but  the  axial  dimensions,  notwithstanding  this,  need 
experience  but  slight  change. 

Triphenylcarbinol  is  rhombohedral  with  «  :  c=  1  =0'6984  (Groth, 
Zeit.  Krijst.  Min.,  1881,  5,  479),  and  on  stating  this  ratio  in  the 
orthorhombic  form  the  value  a  :  b  :c  =  0'8660  :  1  :0'6984  is  obtained  ; 
selecting  the  multiples  4rt/3  and  3c/4,  and  calculating  the  equivalence 
parametei^s,  the  values  x  -.y  :  z  =  6*2053  :  5*3763  :  2*8162,  are  obtained, 
W  being  94  ;  so  far  as  these  numbers  can  be  interpreted,  it  would 
seem  that  on  substituting  hydroxyl  for  bromine  or  hydrogen  in 
the  corresponding  compounds,  the  structures  are  enlarged  in  nearly 
the  same  proportion  in  each  of  the  thi-ee  directions. 

Triphenylacetic  Acid,  (CgH^jgC-COOH. 

Triphenylacetic  acid  is  monosyrametric  with  a:h:c  — 
0-8346:  1  :0-9250,  /3  =  42^^34'30"  (Groth,  Zeit.  Kryst.  Min.,  1881,  5, 
483)  ;  morphotropically  the  crystals  are  nearly  rhombohedral,  and,  for 
comparison  with  the  substances  previously  discussed,  it  is  convenient 
to  change  the  indices  of  certain  forms,  making  c,(101)  and  r,(001).  We 
then  get  a  :  6  :  c  =  0*5646  :  1  :  0-6161,  /?  =  90°12'30",  and  on  calculating 
the  equivalence  parameters  from  these  values,  taking  2«  and 
3c/4,  we  obtain  a;  :  y  :  s  =  6*5083  :  57639  :  2*6657,  W  being  100. 
These  valency  parameters  are  quite  compatible  with  those  of  the 
series  of  halogen  derivatives  of  benzene  given  above,  the  introduction 
of  the  large  carboxyl  group  affecting  the  parameters  x  and  y 
and  leaving  the  z  value  pi'actically  the  same  as  in  the  cases 
referred  to. 
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TriphevyJmnine,  {Q^Xir)^. 

If,  in  the  derivation  of  the  complexes  and  columns  rejiresenting  the 
triphenylmethyl  radicle,  the  gronp  of  three  benzenoid  hydrogen 
spheres,  instead  of  beiog  replaced  by  a  carbon  sphere  of  volume  four, 
is  replaced  by  a  nitrogen  sphere  of  volume  three,  close-packing  and 
homogeneity  can  be  retained  in  accordance  with  the  simple  valency 
law  previously  briefly  stated  and  without  the  addition  of  another 
hydrogen  sphere.  The  assemblage  appropriate  to  triphenylamine  is 
thus  immediately  obtained,  and  consists  of  complexes  of  the  form 
shown  in  Fig.  21,  packed  together  in  a  manner  so  similar  to  that  which 
represents  trijihenylmethane  that  a  separate  figure  is  unnecessary. 
Triphenylamine    is     monosymmetric    with   «:/>:  c  =  0"9913  :  1  :  1-4119, 

(i  =  88°38'  (Arzruni,  ZeAt.  Kryst. 
Min.,  1877,  1,  451),  W  =  90, 
and,  on  taking  2a  and  3c/2,  the 
equivalence  parameters  x:y:z 
=  5-8835:  5-5079  :  2-7781,  are 
obtained  ;  the  s-value  is  prac- 
tically that  of  benzene  and 
triphenylmethane,  and  the  x 
and  y  values  differ  but  slightly 
from  those  for  the  latter  sub- 
stance, as  would  be  anticipated; 
the  introduction  of  the  nitrogen 
sphere  necessarily  causes  less 
spreading  of  the  complexes  in 
the  plane  of  Fig.  14  than  that 
of  a  carbon  and  a  hydrogen 
sphere.  A  slight  shear  given  to  the  triphenylmethane  assemblage  in 
the  plane  containing  the  directions  x  and  z  would  degrade  the  ortho- 
rhombic  symmetry  of  that  assemblage  to  the  monosymmetric  symmetry 
of  triphenylamine. 

For  purposes  of  reference  it  will  be  convenient  to  collect  the  data 
referring  to  the  above  substances  in  which  three  phenyl  groups  are 
associated  in  the  following  table  : 
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Fractions  of 
Crystal  axial  ratios  Auxiliary 

Sul>staiicc.  system,     selected.  x      :       y       :        z  fractions. 

Triplienylniethane  : 

Stable  form Or         h/2,  4c/9  6-1317  :  5-3637  :  2-7973     3^/2,  4c/3 

Labile     ,,     ,,  3b/2,  5c/2        6-1738:5-3231:2-7995     5('/4, 

(C|;Hg)3CH,C«lI,5 Rh.       f/3  6-2824:7-2545:2-6769  — 

Trijihcuvlmethyl 

bromide    ,,  2a,  Zb/2  6-1671:5-3411:2-7932     none 

Triiihenylcarbinol  ,,  iajB,  Sc/A        6-2039:5-3727:2-8143     2«/3,  c/2 

Triphenylacetic  acid  ...     Mo.       2a,  3c/4  6-5085  :  57639  :  2-6657     2?V3,  4c/3 

/3  =  90°12'30" 

Triphenylaniine  ,,         2a,  3o/2  5-8835  :  5-5079  :  2-7781     4«/3,  Bn/i 

/3  =  88°38' 

Notwithstanding  the  larger  size  of  the  molecular  unit  containing 
three  phenyl  groups,  the  great  resemblance  of  the  corresponding 
structures  to  the  benzene  assemblage  indicates  that  the  type  of  the 
latter  might  be  closely  adhered  to  in  the  crystalline  forms  of  these 
derivatives ;  and  for  converting  the  benzene  assemblage  into  that 
appropriate  to  triphenylmethane  one  axis  is  multiplied  by  two  and 
another  by  three  over  two.  It  is  of  great  significance,  as  supporting  the 
argument  concerning  fractionation  of  the  axial  lengths  (p.  1683),  that 
if,  in  the  case  of  all  these  triphenyl-derivatives,  one  axial  length  is 
multiplied  by  two  and  another  by  three  over  two,  the  farther  reduction 
operation  which  has  to  be  performed  on  the  resulting  axial  ratios, 
before  they  yield  equivalence  'parameters,  is  much  more  simple  in 
character  than  the  total  reduction  operation.  This  is  seen  on  com- 
paring the  last  column  of  the  above  table,  in  which  is  indicated  the 
reduction  necessary  after  one  axial  length  has  been  multiplied  by 
two  and  another  by  three  over  two  in  order  to  secure  the  conformity 
of  equivalence  parametei's  obtained,  with  the  more  complex  reduction 
operation  which  has  to  be  pei-formed  upon  the  original  axial  ratios  to 
obtain  the  same  result  (column  3). 

CH    CH 


,r     ,  ,   ,        HC       C      CH 

CH    CH 

Our  knowledge  of  the  chemical  constitution  of  naphthalene  is 
summarised  ])y  deriving  the  configuration  of  one  of  the  columns  in  the 
assemblage  representing  it  from  that  of  benzene  (Figs.  1  and  2),  in  the 
manner  shown  in  plan  and  elevation  in  Fig.  22.  A  little  considera- 
tion of  this  figure  will  sliow  that  the  configuration  offered  fulfils  the 
requirements  of  a  structural  formula  for  naphthalene,  as  deduced  from 
the  isomerism  of  its  derivatives,  in  just  the  same  way  as  in  the  case  of 
benzene. 
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According  to  Groth,  naphthalene  crystallises  in  the  holohedral 
monosymmetric  system  showing  a  -.b  :c=  1-3777  :  1  :  1-4364,  ;8  =  57°ir, 
the  forms  (001),  (201),  (110),  (111),  and  a  perfect  cleavage  on  (001) 
(Negri,  Zeit.  Kryst.  Min.,  1896,  25,  410). 

Complexes  of  the  kind  shown  in  the  figure  can  be  packed  in  columns 
just  as  can  the  benzene  complexes,  and  an  assemblage  is  derivable 
which  is  in  accordance  with  the  crystallographic  properties  of  naphtha- 
lene ;  as,  however,  we  are  at  present  engaged  upon  the  crystallographic 
examination  of  a  number  of  simple  naphthalene  derivatives,  we  pro- 
pose to  leave  the  further  discussion  of 
the  nature  of  the  naphtlialene  assem- 
blage until  this  work  is  completed. 


Fio.  22. 


Anthracene^ 
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The  application  to  the  complex  re- 
presenting naphthalene  of  the  process  by 
which  that  complex  was  derived  from 
the  one  representing  benzene  can  be 
made  in  two  ways,  leading  to  the  pro- 
duction of  complexes  which  are  in  entire 
harmony  with  current  knowledge  of  the 
constitution  of  anthracene  and  phenan- 
threne  respectively.  The  configuration 
representing  anthracene  is  shown  in 
plan  in  Fig.  23,  and  examination  will 
show  that  it  is  in  agreement  with  the 
known  isomerism  of  derivatives  of  the 
hydrocarbon.  Units  of  this  kind  can  be  packed  to  form  a  close- 
packed  assemblage  in  accordance  with  the  crystal  form  of  anthracene; 
we  shall,  however,  deal  later  with  the  packing  of  these  units  in 
connection  with  naphthalene. 

An  inspection  of  the  models  representing  the  molecular  configura- 
tions of  the  aromatic  hydrocarbons,  benzene,  na2)hthalene,  and 
anthracene  reveals  a  great  resemblance  of  parts ;  thus,  regarded  in  one 
direction  they  all  present  the  same  aspect,  that,  namely,  which  is 
represented  in  the  elevation  depicted  in  Fig.  2  h.  The  specific 
properties  associated  with  the  aromatic  siibstances  are  doubtless 
attributable  to  this  likeness  in  configuration.  This  will  naturally  also 
apply  to  such  substances  as  thiophen,  pyridine,  cfec. 
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The  Nature  of  Valency. 

Having  illustrated  the  way  in  which  chemical  substances  can  be 
formulated  as  close-packed  assemblages,  and  having  demonstrated  that 
the  method  has  the  unique  advantage  of  closely  correlating  molecular 
structure  and  crystalline  form,  it  will  be  convenient  to  direct  attention 
to  certain  well-marked  geometrical  properties  of  close-packed  assem- 
blages. From  the  way  in  which  triphenylmethane,  ^triphenylamine, 
itc,  have  been  derived  from  benzene,  it  is  clear  that  some  soi't  of 
relationship  exists  between  close  packing  and  valency,  although  the 
precise  nature  of  that  relationship  is  not  immediately  obvious. 

We  have  now  to  show  that  close-packed  assemblages  of  spheres  of 
different  sizes,  held  in  stable  equilibrium  as  described,  are  characterised 
by  the  possession  of  three  general  geometrical  properties,  and  to  demon-  * 
strate  that  these  ^properties  are  merely  the  geometrical  expression  of 
chemical  valency.  The  three  properties  in  question  refer  (1)  to 
equality  of   valency,   (2)  to  the 

valency    relations    of    atoms    or  Fig.  23. 

radicles  of  different  valency  vol- 
umes, and  (3)  to  multi valency. 


On  Equi-valencij. 

From  a  homogeneous  close- 
packed  assemblage  of  spheres, 
similarly  environed  single 
spheres,     or     groups     of     two, 

three,  or  more,  can  be  removed  homogeneovisly  so  as  to  leave  a 
residual  set  of  spheres  which,  although  homogeneous,  is  no  longer 
close-packed.  The  cavities  which  have  been  produced,  being  homo- 
geneously arranged,  are  similar  and  identically  related,  and  can 
thus  be  re-occupied  by  a  different  set  of  identically  similar  group.s 
of  s[)heres  or  single  spheres.  The  packing  of  the  new  assemblage 
thus  derived  can,  like  that  of  the  original  assemblage,  be  made 
very  close  without  any  remarshalling  of  the  unremoved  spheres,  if 
such  general  deformation  and  local  adjustment  occur  as  will  adapt 
the  shapes  of  the  cavities  to  the  shapes  of  the  new  contents,  but 
leave  the  cavities  of  about  the  same  relative  volumes  as  before  the 
process  of  exchange.  Under  these  conditions  and  provided  the  dis- 
tortion is  not  extreme,  an  intimate  mor[)hological  relation  of  the 
nature  described  later  will  exist  between  the  original  and  the  derived 
assemblages. 

The  essential   condition   for  close-packing  is  that  each  sphere  of  an 
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assemblage  of  spheres  shall  be  in  actual  contact  with  or  in  close  juxta- 
position to  a  relatively  large  number  of  spheres ;  in  other  words,  that 
only  a  small  part  of  that  shell-shaped  portion  of  space  immediately 
surrounding  any  sphere  shall  consist  of  interstices.  And  the  provision 
that  the  cavities  vacated  preserve  approximately  their  original  magni- 
tude ensures  that  the  framework  in  which  they  occur  m.erely  suffers 
such  slight  alteration  in  the  density  of  its  packing  as  is  involved  in 
the  change  of  shape  of  the  cavities  consequent  on  the  latter  being 
packed  with  fresh  contents  ;  in  fact,  the  shell-shaped  portion  of  space 
immediately  surrounding  each  cavity  is  about  as  densely  packed 
with  spheres  after  substitution  as  before,  and  consists  of  the  same 
spheres. 

It  is  possible,  however,  to  retain  a  high  degree  of  closeness  of  pack- 
ing if  the  removal  of  spheres  as  just  desciibed  is  followed  by  an 
equivalent  introduction  of  other  spheres  to  fill  the  vacant  cavities. 
The  geometrical  property  of  close-packed  homogeneous  assemblages 
which  is  here  concerned  may  be  formally  stated  in  the  following  terms. 
If  in  a  close-packed  assemblage  of  spheres,  single  spheres  or  groups  of 
two  or  more,  selected  homogeneously,  are  replaced  homogeneously  by 
other  groups  of  spheres  in  such  a  way  that  the  resulting  assemblage 
is  close-packed  without  I'esorting  to  remarshalling,  the  replacing 
group  is  practically  of  the  same  relative  magnitude  as  the  group  re- 
placed, and  possesses  the  same  fundamental  valency. 

This  geometrical  property  of  close-packed  homogeneous  assemblages 
is  the  obvious  analogue  of  an  important  class  of  observed  facts  relating 
to  isomorphism,  morphotropy,  valency,  and  chemical  substitution. 

Thus,  on  replacing  in  a  compound  an  atom  of  an  element  by  another 
belonging  to  the  same  group  in  the  periodic  system,  the  resulting  com- 
pound is  ordinarily  isomorphous  with  the  first ;  the  two  elements  of  the 
same  group  are  represented  by  spheres  of  atomic  influence  of  so  nearly 
the  same  size  as  compared  with  the  sphere  volumes  of  other  constituents 
that  the  one  replaces  the  other  without,  in  general,  leading  to  a  change 
of  crystalline  system.  It  is  convenient  to  show  how  closely  the  one 
sphere  of  atomic  influence  must  approximate  in  size  to  that  of  an 
isomorphous  element  by  the  following  table  dealing  with  the  series  of 
alkali  sulphates  and  selenates  which  have  been  so  accurately  measured 
by  Tutton  (Trans.,  1905,  87,  1188);  the  equivalence  parameters  are 
calculated  on  the  assumption  of  the  pseudo-hexagonal  structui-e  made  by 
Tutton : 


K0SO4  ... 

RbaSOj 

CS2SO4... 

K,Se04... 

Rb2Se04 

Cs2Se04 


V. 

fF. 

X 

:  y 

:   ~. 

64-91 

12 

2-2109 

2-1977 

2-8463 

73-34 

1-2 

2-2049 

2-1899 

2-8648 

84-58 

1-2 

2-2003 

2-18-26 

.  2  8777 

71-67 

12 

2-2207 

2-2083 

2-8204 

79-94 

12 

2-2147 

:  2-1957 

:  2-8412 

91-09 

12 

2-2112 

2-1900 

2-8524 
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It  is  observable  that  slight,  though  appreciable,  disturbances  attend 
the  substitution  of  potassium  by  rubidium  or  ctesium  or  of  sulphur  by 
selenium.  The  distortion  of  the  assemblage  thus  indicated  would  be 
produced  if  the  spheres  of  atomic  influence  of  potassium,  rubidium,  and 
ca3sium,  or  of  sulphur  and  selenium,  diifer  slightly  in  relative  magni- 
tude. The  phenomena  observed  in  connection  with  isomorphism,  of  the 
nature  noted  above,  and  especially  those  of  polymorphism,  indicate  that, 
under  the  same  external  conditions,  two  elements  do  not  appropriate 
spheres  of  atomic  influence  which  bear  precisely  the  same  ratio  to  the 
molecular  magnitude.  JJ'urther,  many  facts  connected  with  the  relative 
stability  of  analogous  compounds,  such,  for  instance,  as  that 
of  the  chloiine  compounds  of  the  nitrogen  group  of  elements, 
NCI3,  PCI3,  AsClg,  &c.,  lead  to  a  similar  conclusion  ;  at  the  same  time, 
the  differences  are  not  of  such  a  magnitude  as  to  lead  to  a  difference  of 
valency  or,  what  is  the  same  thing,  not  so  great  as  to  necessitate  a 
remarshalling  when  an  atom  of  the  one  replaces  an  atom  of  the  other 
element  in  a  compound. 

It  would  seem  that  for  two  elements  to  be  isomorphously  replaceable 
one  by  the  other,  their  spheres  of  atomic  influence  must  be  much  more 
nearly  of  the  same  magnitude  than  if  they  are  merely  to  possess  the 
same  valency.  This  is  distinctly  indicated  by  the  more  considerable 
changes  pi-oduced  in  the  equivalence  parameters  by  the  mutual  replace- 
ment of  hydrogen,  potassium,  and  sodium,  univalent  elements  which 
are  not  isomoi-phous ;  it  is  illustrated  by  the  following  table  : 

Multiples  ot 
axial  ratios 
a    :    b    :    c.  taken.  x      :      y       :      z. 

Picric  acid  (orthorhombic)  : 

C6H2(XOa)3-OH   0-9370  :  1  :  0-9740  3-5587  :  3-6994  :  3-7981 

Potassium  picrate  (orthorhombic)  : 

C6H2(N02)3-OK  0-9420  :  1  :  1-3520        3c/4       3-5238  :  3-7407  :  3-7932 

Aniido-sulphoiiic  acid  (orthorhombic)  : 

NH./SO3H  0-9948:1:1-1487  2-2933:2-3053:2-0481 

Potassium  amidosulphouate  (orthorhombic)  : 

NHa'SOaK   0-9944  :  1  :  0-7097        5t-/3       2-2704  :  2-2832  :  2-7006 

Phlhalic  acid  (mouosymmetiic),  0  =  86°'2l'  : 

CaHj(C02H)2  0-7080  :  1  :  1-3452  2-5801  :  3-6442  :  4-90-22 

Potas.sium  piithalate  (orthorhombic)  : 

C6H4(CO.^K)(C02H)    ...     0-6705:1:1-3831     2rt,  c/2     2-5409:3-6742:4-9272 
Sodium  phtiialatc  (ortiiorhombic)  : 

C6H4(C02Na)(C02H)  ...     0  7262  :  1  :  1-4197  2-5756  :  3-5468  :  5-0353 
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On  replacing  hydrogen  by  potassium  or  sodium,  much  more  deforma- 
tion of  the  assemblage  occurs  than  when  potassium  replaces  rubidium 
or  caesium ;  the  incompatibility  of  pattern  between  the  original  and 
derived  assemblages  in  the  former  case  accounts  for  the  non-formation 
of  isomorphous  mixtures  between  an  acid  and  its  alkali  salt,  or  between 
a  potassium  and  a  sodium  salt  of  the  same  metal.  If  this  is  really  a 
true  statement  of  the  case,  it  would  be  expected  that  two  elements  of 
the  same  valency,  which  cannot  replace  each  other  isomorphously  in 
simple  compounds,  might  do  so  in  more  elaborate  complexes,  because 
the  distortion  produced  by  replacing  one  sphere  of  atomic  influence  by 
another  markedly  different  in  size  would  be  less  considerable  in  the 
larger  than  in  the  smaller  complex.  We  thus  find  that  whilst  the 
equivalent  elements  tin,  lead,  and  platinum  do  not  replace  each  other 
isomorphously  in  their  simple  compounds,  they  do  so  in  more  complex 
compounds ;  thus  the  three  salts,  K2Sn(0H)g,  K2Pb(0H)g,  and 
K2Pt(0H)g,  are  isomorphous  (Zambonini,  Zeit.  Kryst.  Min.,  1906, 
41,  53). 

The  change  of  relative  magnitude  of  the  spheres  of  atomic  influence 
as  any  vertical  column  in  the  periodic  table  is  descended  is  fi-equently 
indicated  in  the  axial  ratios  of  the  binary  compounds.  Thus  the 
axial  ratios  a  :  c,  of  the  hexagonal  minerals,  zincite,  ZnO,  greenockite, 
CdS,  and  wurtzite  ZnS,  are  1:1-6219,  1:1-6218,  and  1:1-6004 
respectively  ;  this  indicates  that  the  spheres  of  atomic  influence  of 
zinc  and  cadmium,  or  of  sulphur  and  oxygen,  have  not  the  same 
relative  magnitudes,  but  the  identity  of  the  axial  ratios  of  zinc  oxide 
and  cadmium  sulphide  suggests  that  the  relative  volumes  of  the  spheres 
of  atomic  influence  of  zinc  and  cadmium  are  in  the  same  ratio  as  are 
those  of  oxygen  and  sulphur. 

We  may  conclude  that  the  geometrical  interpretation  of  the  periodic 
law  is  possibly  that  in  any  vertical  column  of  the  periodic  classification 
of  the  elements  the  magnitudes  of  the  spheres  of  atomic  influence  change 
slowly  and  in  the  same  direction  as  the  column  is  descended ;  in 
passing  from  one  vertical  column  to  the  next,  however,  the  general 
magnitude  of  the  spheres  of  atomic  influence  changes  so  considerably 
as  to  amount  to  a  change  of  valency  or,  in  other  words,  to  necessitate 
remarshalling  wheu  an  atom  belonging  to  one  column  is  replaced  by  an 
atom  belonging  to  another. 

One  important  practical  bearing  of  the  first  geometrical  property  is 
the  simple  interpretation  which  it  affords  of  a  whole  class  of  morpho- 
tropic  relations  which  have  hitherto  resisted  explanation,  those, 
namely,  in  which  a  close  crystallographic  relation  subsists  between 
substances  derived  one  from  the  other  by  replacing  one  group  by 
another,  dissimilar  in  form  and  kind.  Thus  the  following  anorthic 
minerals  : 
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a    :    b    :    c. 

Albite,  NaAlSigOg     0-6335  :  1  :  0-5577,  a  =  94°  3',  y3=116°29',  7  =  88°  9' 

Auorthite,  CaAlaSiaOg  ••■     0-6347  :  1  :  0-5501,  a  =  93°13',  )3  =  115°55',  7  =  91°12' 

although  greatly  different  in  type  of  composition,  are  morphotropi- 
cally  so  closely  related  that  they  form  the  plagioclases  by  isomorphous 
mixture.  They  have,  however,  the  same  valency  volume,  namely,  32, 
and  by  removing  from  the  albite  assemblage  the  group  NaSi,  of  valency 
volume  5,  it  can  be  replaced  without  remarshalling,  and  indeed  with 
but  little  disturbance  of  the  crystalline  structure,  by  the  group  CaAl, 
of  the  same  valency  volume.     Similarly, 

Olivine,  Mg2Si04,  a:h:c  =  0-465  :  1  :  0-586,  and 
Chrysoberyl,  Al2Be04,  a\h:c:  =  0-470  : 1  :  0680, 
have  the  same  valency  volume,  exhibit  a  similar  morphotropic  similarity, 
and  are  derived,  one  from  the  other,  by  the  same  kind  of  substitution. 
A  number  of  cases  of  isomorphously  rej^laceable  groups  occurring 
amongst  minerals  have  been  discussed  by  Prior  [Alin.  Mag.,  1903,  13, 
217),  and  all  of  these  appear  to  be  embraced  by  the  conclusions  derived 
above  and  in  the  following  pages. 

It  is  clear  from  the  foregoing  that  neither  a  replaced  group  or 
radicle,  nor  one  which  replaces,  in  a  homogeneous  assemblage, 
necessarily  consists  of  spheres  which  are  all  of  the  same  magnitude. 
Thus,  the  nitro-group,  NOg,  can  replace  the  methyl  group,  CH3,  in  the 
manner  indicated,  the  valency  volume  of  both  being  seven.  AVhen, 
as  in  this  case,  there  is  a  marked  difference  in  shape  between  the 
substituting  and  substituted  groups  some  considerable  discrepancy 
between  the  crystal  forms  is  to  be  expected,  although  a  marked 
resemblance  may  still  be  observed.  The  orthorhombic  substances, 
aceto-^;-toluidide,  CHg'Cp^H^'NH'CO'CHg,  and  /j-nitroacetanilide, 

NOo-CoH.-NH-CO-CHg, 
differ  in  constitution  in  that  the  niti'O-group  of  the  one  is  replaced  in 
the  other  by  a  methyl  group  of  the  same  valency  volume. 

Multiples  oi' 
axial  ratios 
a       :  b  :      c.  taken.         x      :     y      :     z. 

Aceto-p-toluidide  0-6313  :  1  :  0-3288  2-073  :  3-980  :  6-304 

iJ-Nitroacetanilide    ...     1-0445  :  1  :  0-8889     2a,  Z^c    2-001  :  4-178  :  6-223 

The  close  morphotropic  relationships  noticed  by  Zirngiebl  (Zeit. 
Krysl.  Min.,  1902,  36,  117)  between  the  following  pairs  of  compounds  ax'e 
all  similar  instances  of  the  application  of  the  first  geometrical  property 
of  close-packed  homogeneous  assemblages  : 

(1)  Ammonium  iodate,  and  ammonium  fluoriodate, 

NHJO3  and  NHJF2O2. 

(2)  The  stable  and  labile  o-sulphobenzoic  chlorides, 
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(3)  Phfchiilic  acid,  and  o-sulpliobeiizoic  acid, 

C6H^(C0.3H)2  and  C^H4(C02H)(S03H). 

(4)  Beuzoic  acid,  and  benzenesul phonic  acid, 

C^H^-COgH  and  CyH.-SOgH. 

(5)  Sulphoacetic  acid,  CH2(C'02H)(S03H),  and  methionic  acid, 
CH2(S03H)2. 

The  latter  cases  ai-e  particularly  interesting  as  showing  that  a 
carbon  atom  of  valency  volume  four,  is  replaceable  by  a  sulphur  and 
an  oxygen  atom,  each  of  valency  vokime  two,  in  such  a  way  that  the 
marshalling  of  the  assemblage  remains  unchanged,  and  even  that 
corresponding  features  of  the  crystalline  structures  are  distinctly 
recognisable.  It  is  thus  indicated  that  the  sulphur  in  a  sulphonic  acid 
is  fundamentally  bivalent.  As  will  be  shown  later,  the  necessity 
never  arises  for  attributing  to  sulphur  a  fundamental  valency  other 
than  two. 

The  process  of  replacing  an  oxygen  and  a  sulphur  sphere,  each  of 
volume  two,  by  one  carbon  sphere  of  volume  four,  as  involved  in 
certain  of  the  above  cases,  must  be  expected  to  lead  to  so  considerable 
a  change  in  the  shape  of  the  cavity  within  which  the  operation  is 
performed  as  will  greatly  obscure  the  morphotropic  relations  between 
the  two  -geometrical  assemblages ;  it  is  thus  found  that,  although 
the  morphotropic  relations  are  distinctly  observable,  considerable 
disturbance  of  the  axial  ratios  and  equivalence  parameters  attends 
the  passage  from  one  to  the  other  of  the  related  comi^ounds. 

A  word  may  be  said  as  to  the  resulting  effect  when,  instead  of 
refillino'  the  gaps  produced  in  a  homogeneous  assemblage  in  the  manner 
described,  these  gaps  are  closed  up  by  the  residual  assemblage  shrink- 
ing together  so  as  to  pass  to  a  condition  of  equilibrium.  In  order  that 
a  homogeneous  assemblage  of  spheres  of  two  or  more  kinds  may 
exhibit  maximum  closeness  of  packing,  each  component  sphere  must 
occur  surrounded  by  a  shell  of  other  spheres  the  density  of  ar- 
rangement throughout  which  must  be  a  maximum.  And  if  several 
similarly  placed  equal  spheres  are  removed  from  the  assemblage  and 
the  remaining  structure  closes  up  and  passes  to  an  equilibrium  condi- 
tion of  maximum  closeness  of  packing,  it  will  commonly  be  found  that 
the  component  spheres  will  no  longer  all  be  surrounded  by  shells  of 
spheres  equally  densely  disposed  to  those  composing  the  original 
assemblage ;  and  even  if  the  main  bulk  of  the  derived  assemblage  is  as 
densely  packed  as  at  first,  the  assemblage  will  at  isolated  points 
present  packing  of  less  density. 

The  cases  quoted  above  have  been  selected  as  illustrations  because 
the  simplicity  of  the  crystallographic  relationships  enables  them  to  be 
followed  quickly,  but  in  most  instances  the  crystallographic  relationship 
is  not  immediately  obvious,  being  masked  by  a  change  of  crystalline 
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symmetry  or  by  an  unfavourable  choice  of  axial  directions.  Notwith- 
standing this,  the  relationship  is  always  present,  although  its  detection 
may  involve  the  kind  of  investigation  used  in  the  foregoing  study  of 
benzene,  the  dihydroxybenzenes,  &c.  That  so  considerable  a  crystallo- 
graphic  difference  as  that  betw-een  the  rhomhohedral  and  monosym- 
metric  forms  of  (juinol  involves  no  difference  in  marshalling  of  the 
components  of  the  molecule  has  been  already  shown,  and  complication 
of  this  nature  has  in  most  cases  to  be  dealt  with. 

Another  kind  of  application  of  the  first  geometrical  property  has 
been  illustrated  in  the  derivation  of  the  assemblage  appropriate  to 
triphenylamine  from  that  of  benzene  {p.  1720),  by  the  symmetrical 
replacement  of  groups  of  three  hydrogen  spheres  each  by  one  nitrogen 
sphere.  We  shall  show,  in  a  later  paper,  that  the  method  here  used  is 
also  of  perfectly  general  application,  so  that,  for  instance,  the  assemb- 
lage for  tetramethylmethane  may  be  derived  from  that  of  methane  by 
the  symmetrical  replacement  of  groups  of  four  hydrogen  spheres,  each 
by  one  carbon  sphere. 

27ie  Rdalions  between  Equivalent  Radicles  of  Dijferent  Valency 

Volumes. 

The  second  of  the  geometrical  properties  referred  to,  and  which  is 
of  importance  as  indicating  the  valency  relations  existing  between 
radicles  of  the  same  valency  but  different  valency  volumes,  may  be 
best  i-ealised  by  the  consideration  of  the  following  process. 

Select  a  unit — not  necessarily  a  minimum  one,  but  one  which 
includes  a  considerable  number  of  spheres — in  a  close-packed  homo- 
geneous assemblHge  of  spheres  of  various  magnitvides  which  is  in 
stable  equilibrium  under  the  postulated  conditions  of  external  pres- 
sure, Arc.  Partition  this  assemblage  into  such  units  by  mere  geo- 
metrical siufaces,  and  derive  from  it  an  analogous  assemblage  in  the 
following  manner.  Withdraw  a  number  of  equal  and  similarly 
situated  spheres,  one  ftom  each  space  unit  or  cell  of  the  partitioning, 
and,  ignoring  the  partitioning,  which  has  now  served  its  pui-pose, 
enlai'ge  similarly  the  cavities  thus  left  vacant  so  that  they  can  just 
contain  equal  spheres  of  considerably  larger  size  than  those  removed  ; 
the  enlargement  necessitated  by  the  introduction  of  those  larger 
spheres  is  to  be  so  conducted  as  to  conserve  the  original  marshalling. 

The  second  geometrical  property  is  that,  under  the  above  conditions, 
in  order  that  the  modified  assemblage,  like  that  from  which  it  was 
derived,  shall  be  close-packed  and  homogeneous,  some  definite  numljer 
of  additional  splieres  of  a  particular  size  must  bo  inserted  with  tho 
large  spheres  in  each  cavity  produced  in  the  space  unit ;  tlie  number 
of   the  accompanying  spheres  to  be   thus  introduced  is  dependent  on 

»}     A.     M 
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their  size  aud  on  those  of  the  substituting  and  substituted  spheres. 
The  nature  of  this  interdependence  of  sphere  magnitude  is  experiment- 
ally found  to  be  a  simple  one.  If  a  sphere  of  volume  m  (an  atom  of 
valency  vi)  is  replaced  by  one  of  volume  m  + 11  (valency  m  +  n),  one  or 
moi'e  additional  spheres  (atoms)  having  the  total  volume  n  (valency  n) 
must  be  simullaneously  inserted  in  order  that  close-packing  may  be 
re-established  without  remar.shalling  ;  the  bearing  of  this  result  on 
chemical  substitution  is  indicated  by  the  interpolated  words.  Thus,  on 
replacing  a  hydrogen  atom  in  the  benzene  molecule  by  chlorine,  since 
the  substituted  and  substituting  atoms  have  the  same  valency  and  are 
therefore  represented  by  spheres  of  about  the  same  relative  size,  the 
cavity  in  the  close-packed  assemblage  vacated  by  the  hydrogen  sphere 
can  be  so  nearly  filled  by  the  chlorine  sphere,  that  small  deformations 
or  adjustments  unaccompanied  by  remarshalling  suffice  to  restore  the 
close-packing  temporarily  disturbed  by  the  substitution  ;  the  order  of 
the  change  in  the  crystallographic  dimensions  produced  by  these 
deformations  is  indicated  by  the  table  of  equivalence  parameters 
of  benzene  and  its  per-halogen  derivatives  given  on  p.  1699.  If,  how- 
ever, one  hydrogen  atom  in  the  benzene  molecule  is  replaced  by  a 
carbon  atom,  the  higher  valency  of  the  latter  necessitates  the  intro- 
duction with  it  of  other  atoms,  the  sum  of  the  valencies  of  which  is 
three,  the  difference  between  the  valency  of  carbon  and  of  hydrogen, 
if  close-packing  is  to  be  re-established  without  remarshalling ;  thus 
three  hydrogen  atoms,  giving  toluene — one  nitrogen  atom,  giving  benzo- 
nitrile — or  one  hydrogen  and  one  oxygen  atom,  giving  benzaldehyde — 
or  some  other  set  of  atoms  of  which  the  valency  volume  is  three,  must 
be  inserted  together  with  the  carbon  atom,  for  without  this  close - 
packing  cannot  be  secured  without  remarshalling. 

The  existence  of  the  second  geometrical  property  may  be  sufficiently 
explained  for  our  present  purpose  in  the  following  manner.  Any 
sphere  in  a  close -packed  assemblage  is  in  immediate  contact  with  a 
number  of  others,  which  form,  as  it  were,  a  shell  or  envelope  about 
it ;  if  the  sphere  in  question  is  replaced  by  one  considerably  larger,  a 
gap  or  gaps  are  formed  in  the  enveloping  shell  of  spheres,  which  can- 
not be  closed  as  a  result  of  deformation  or  adjustment  unaccompanied 
by  remarshalling.  If  a  sphere  of  volume  m  is  replaced  by  one  of 
volume  in-\-n,  how-ever,  the  resulting  gap  in  the  enveloping  shell 
can  be  so  filled  by  a  sphere  or  spheres  of  the  total  volume  n  that  the 
resultant  assemblage  can  regain  its  original  close-packing  by  the  mere 
operation  of  slight  deformations  and  adjustments  unaccompanied  by 
I'emarshalling.  The  great  flexibility  of  structure  displayed  by  close- 
packed  assemblages  of  spheres  naturally  assists  materially  in  bringing 
about  this  result. 

Much  of  the  work  detailed   in   the  previous  pages,  in   which  it  is 
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shown  that  the  properties  of  close-packed  equilibrium  assemblages 
of  spheres  are  in  complete  harmony  with  the  crystallographic  and 
constitutive  properties  of  chemically  related  substances,  is  so  much 
cumulative  evidence  of  the  existence  of  the  geometrical  property  now 
under  discussion.  For,  whenever  a  chemical  compound  is  derived  by 
substitution  from  some  parent  substance,  the  relation  between  the  two 
compounds  is  expressible  in  terms  of  the  valencies  of  the  substituted 
and  substituting  groups ;  and  the  replacement  of  an  atom  by  another 
of  higher  valency  is  necessarily  accompanied  by  the  introduction  of 
additional  atoms  in  obedience  to  the  valency  law. 

The  mode  of  operation  of  the  second  geometrical  property  will  be  seen 
by  a  comparison  of  the  methods  by  which  the  assemblages  for  triphenyl- 
amine  and  triphenylmethane  were  deinved  (pp.  1711,  1720)  from  that 
of  benzene.  In  the  former  case,  by  application  of  the  first  geometrical 
property,  a  group  of  the  three  hydrogen  spheres  of  volume  three 
was  replaced  by  a  nitrogen  sphere  of  volume  three,  so  that  close- 
packing  was  retained  without  remarshalling.  But,  on  forcing  a 
carbon  sphere  of  volume  four  into  the  cavity  vacated  by  the  group  of 
three  hydrogen  spheres,  the  resulting  enlargement  of  the  cavity  led  to 
the  production  of  a  gap  in  the  enveloping  shell  of  spheres,  and  this 
proved  just  large  enough  to  accommodate  an  additional  hydrogen 
sphere  ;  the  latter  had,  thei^efore,  to  be  inserted  in  order  that  close- 
packing  might  be  restored  without  remarshalling.  A  little  considera- 
tion will  show  that  the  derivation  of  the  dihydroxybenzenes  from 
benzene,  and  of  triphenylcarbinol  from  triphenylmethane,  also  involve 
the  application  of  the  second  geometiical  property. 

The  cases  cited  above  will  suffice  for  our  present  purpose,  without 
more  formal  proof  of  the  accuracy  of  the  way  in  which  the  property 
has  been  stated.  We  may  now  proceed  to  show  that  the  second 
geometrical  property  at  once  elucidates  a  number  of  hitherto  very 
obscure  crystallographic  relationships,  and  thereby  amass  further 
circumstantial  evidence  in  support  of  the  geometrical  interpretation  of 
valency. 

The  crystalline  forms  assumed  by  .sodium  nitrate  and  calcium 
carbonate  as  calcite  are  highly  distinctive,  and  are  so  closely  similar  as 
to  make  it  impossible  to  doubt  that  the  crystal  structures  and  the 
marshalling  are  identical  ;  although  no  explanation  has  been  hitherto 
available  of  this  identity  of  crystal  structure  existing  between  two 
substances  of  such  dissimilar  type,  it  now  appears  that  the  similarity 
is  a  result  of  the  second  geometrical  property  of  close-packed 
homogeneous  assemblages.  For,  if  in  the  rhombohedral  structure  of 
crystalline  sodium  nitrate,  NaNOg,  the  univalent  sodium  atom 
sphere  of  volume  one  is  ro[ilaced  by  the  bivalent  calcium  atom  .'sphere 
of    volume    two,    a    gap    will    be    produced    in    the    shell    of    spheres 
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enveloping  the  metallic  atom  sphere  in  the  assemblage ;  this  can  only 
be  filled  by  the  insertion  of  one  additional  valency  or  volume  unit  if 
close-packing  is  to  be  restored  without  remarshalling.  The  additional 
valency  unit  is  provided  by  replacing  the  nitrogen  sphere  of  volume 
three  by  a  carbon  sphere  of  volume  four,  and  the  assemblage,  after 
this  double  modification,  can  regain  close-packing  without  undergoing 
remarshalling.  The  derived  calcium  carbonate  assemblage  retains  so 
closely  the  marshalling  of  the  original  sodium  nitrate  assemblage  that 
the  two  exhibit  almost  identical  crystalline  forms ;  the  similarity 
extends  even  to  the  unique  mode  of  gliding-twinning,  to  the  cleavage, 
and  to  the  abnormally  high  double  refraction. 

An  exactly  similar  relationship  to  the  above  exists  between  the 
orthorhombic  forms  of  calcium  carbonate  and  potassium  nitrate  ;  the 
equivalence   parameters    of    all    four    substances    are     given    in     the 

following  table. 

jr.  X      :      y       :      z. 

NaN03,  vhombohedral 10  o  =  102°47'  2-2092  :  2-2092  :  2-2092 

CaCOa,  ,,  12  o  =  101°55'  2-3398  :  2-3398  :  2-3398 

a     :    b    :     c. 

KlSTOg,  orthorhombic    10     0-5910:1:0-7011      1-7079:2-8898:2-0260 

CaCOs,  ,,  12     0-6224:1:0-7206     1-8615  :  2-9909  :  2-1553 

It  is  important  to  notice  that  in  these  cases,  in  passing  from  the 
substance  of  valency  volume  ten  to  that  of  twelve,  the  structure  or 
assemblage  is  expanded  in  all  three  axial  directions ;  it  is  not  po.ssible 
to  say  that  the  molecular  increase  affects  one  axial  direction  to  an 
appreciably  different  extent  from  the  others  ;  this  should  be  attributed 
to  the  fact  that  the  shapes  of  the  contents  of  corresponding  cells  are 
similar  in  the  cases  compared. 

Another  interesting  case  arises  in  connexion  with  the  crystallo- 
graphic  similarity  between  the  monosymmetric  alkali  salts  of  methane- 
disulphonic  acid,  CHo(S03H)2,  and  iminosulphonic  acid,  NH(SO..H)._,, 
which  has  been  pointed  out  by  Zirngiebl  {Zeit.  Kryst.  Min.,  1902,  36, 
117).  On  replacing  the  tervalent  nitrogen  atom  in  iminosulphonic  acid 
by  a  quadrivalent  carbon  atom,  an  additional  hydrogen  atom  has  to 
be  simultaneously  inserted  into  the  assemblage  in  order  that  close- 
packing  without  remarshalling  may  occur.  The  following  data  sufiice 
to  show  that  this  case  is  of  the  same  character  as  that  of  calcite  and 
sodium  nitrate. 

ir.       p.  a     :    b    :    c.  x      :      y      :       z 

CH„(S03K)o  24     89°49'     1-6160:1:0-9362     4-0604:2-5126:2-3523 

(take  2h) 

XHiSOoK),  22     88°41'     1-6636  :  1  :  0-9604     3-9877  :  2-3970  :  2-3021 

A  somewhat  similar  relationship  holds  between  the  monosymmetric 
jo-nitrobenzenesulphonic  chloride  and  amide  (Benedicks,  Zeit.  Kryst. 
Min.,  1903,  37,  285)  ;  the  replacement  of  the  chlorine  sphere  of  volume 
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one  b}' a  nitrogen  sphere  of  volume  three  involves  the  ijisertion  into  the 
a.ssemblage  of  two  additional  hydrogen  spheres,  forming  the  snlphon- 
amide,  for  the  purpose  of  restoring  the  close-packing  without  re- 
marshalling. 

/3.  a    :    b    :    c.  x      :      y       :      z. 

NO„-C,;H^-SOoCl     105°.39'     1-3042  :  1  :  1-1369     3-195.')  :  4-9002  :  2-7855 

iS'0./OoH4-S02'NII,..  ..     100°12'     0-6501  :  1  :  0-5184     3-3650  :  5-1762  :  2-6833 

The  case  for  which  data  are  given  in  the  following  table  is  of 
importance  because  all  the  substances  are  orthorhombic  and  the  series 
is  four  members  in  length. 

IV.  (i    :    b    :    c.  x      :      y       :      z. 

CgHg     30         0-8910  :  1  :  0-7990  3-1010:3-4800:2-7800 

C6Hg-NH«,HBr  36         07230  :  1  :  Q-SISO  3-2178  :  3-9337  :  28441 

CeHg-NHo.NBr.CdBro       40         0-7943  :  1  :  0-3044  32268  :  4-416S  :  2-8067 

(take  5/4i,3c) 

C,5H.;NH2,HN03    44         0-6265:1:0-5727  3-1126  :  4-9682  :  2-8453 

It  will  be  seen  that  the  successive  replacement  of  hydrogen  in 
benzene  by  NH^  and  the  insertion  of  HBr,  and  CdBr<,  or  HNO3,  all 
take  place  in  accordance  with  the  second  geometrical  property  of  close- 
packed  assemblages,  and  that  the  main  effect  of  the  insertion  of  the 
variovis  groups  falls  upon  the  direction  y  in  the  benzene  assemblage. 
The  directions  x  and  z  in  the  benzene  assemblage  are  but  little  changed 
by  the  substitutions.  The  lengthening  of  one  of  the  three  axes  which 
accompanies  the  substitution  of  the  ammonium  bromide  residue 
for  hj-drogen  in  benzene  is  not  often  observed  in  cases  in  which  the 
ammonium  radicle  replaces  an  atom  of  a  univalent  metal  such  as 
potassium  ;  it  commonly  happens  that  the  axial  ratios  are  practically 
unchanged  by  such  a  substitution  as  the  latter,  just  as  is  the  case 
when  the  group  CaC  replaces  NaN  in  the  rhombohedral  sodium 
nitrate.  We  purpose  dealing  later  in  detail  with  the  relation  between 
salts  of  ammonium  and  the  alkali  metals,  and  for  the  present  merely 
call  attention  to  the  case  of  the  orthoi'hombic  potassium  and  ammonium 
vanadylthiocyanates  (Steinmetz,  Zeit.  anorg.  Chem.,  1904-,  41,686),  in 
which  the  replacement  of  potassium  by  ammonium  affects  two  of  the 
equivalence  parameters  {x  and  z),  leaving  the  third  (?/)  practically 
unaltered. 

JF.         a    :    b    :    c.  x      :      y       :      z. 

K2(V(10XCNS)4,5H20    63     0-9163:1:0-5469     4-5902:5-0095:2-7397 

(i\Hj2(VdO)(CNS)4, 51120..     75     0-9910  :  1  :  0-6070     4-9508  :  4-9957  :  3-0324 

It  is  interesting  to  notice  in  connexion  with  the  question  of  ter-  and 
quinquevalent  nitrogen  compounds  that,  whilst  the  occurrence  of  benzo- 
nitrile,  C,.IIr/C:N,  is  accounted  for  on  p.  173f»,  the  isomeric  phenyl- 
carbylamine,  C,.IIr,*N:0,  may  be  derived,  by  the  application  of 
the  first  geometrical  property,  from  aniline  hydrobromide  by  replacing 
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the  four  univalent  atoms  associated  with  the  nitrogen  atom  by 
a  carbon  atom. 

An  instance  illustrative  of  the  effect  of  salt  formation  is  found  in  the 
comparison  of  camphoroxime  and  its  hydrobromide :  both  these  sub- 
stances ai-e  monosymmetric,  camphoroxime  giving 

a  :6  :c=l-0252  :  1  : 0-6073,  /3  =  80°18' 
{Zeit.  Kryst.  Min.,  1889,  15,  402),  and  its  hydrobromide, 

a:6:c  =  l-4699:l  :  1-0796,  ^  =  80°41' 
(Trans.,  1897,  71,  1048),  On  transposing  the  indices  of  the  forms 
present  on  the  oxime  by  changing  (100)  to  (101),  (101)  to  (001),  (101) 
to  (100),  and  (110)  to  (HI),  and  similarly  changiug  in  the  crystals  of 
the  hydrobromide,  (001)  to  (101),  (101)  to  (100),  (302)  to  (001)  and 
(Oil)  to  (111),  the  axial  values  become  comparable  and  the  following 
results  are  obtained  : 

a    :    b    :    c.  x      :      y       :      z. 

CjoHielN'OH     1-2766:1:1-8571     ;3  =  85°18'     3-7935:2-9716:5-5155 

CioHi6:N-OH,HBr..     1-3356  :  1  :  1-9599     /8  =  85''56'     3-8797  :  2-9048  :  5-6932 

The  close  approximation  of  the  equivalence  parameters  indicates 
that  not  only  is  the  marshalling  of  the  assemblage  unchanged  by  the 
passage  from  the  oxime  to  its  hydrobromide,  but  that  the  dimensions  of 
the  assemblage  are  but  slightly  altered.  The  addition  of  the  elements 
of  hydrogen  bromide  scarcely  alters  the  values  x  and  y,  but  appreci- 
ably increases  the  value  of  z. 

Orthosulphobenzoic  acid,  o-CgH4(S03H)(C02H),  yields  a  stable  and  a 
labile  acid  chloride,  to  which   the  constitutions,   o-CgH4(S02Cl)'COCl 

and   o-CgH^-^^pp?  ^0,  must    be    attributed ;    its   imide  is  saccharin, 

o-C6H4<?,q2^NH,  to  which  the  axial  ratios,  a:b:c  =  2-7867  :  1  : 1  -7187, 

j8  =  76°8'30",  have  been  assigned  (Trans.,  1895,  67,  986).  These  axial 
ratios  may  be  transposed  by  a  simple  change  of  indices  to 
a:b:c=l  -3565  : 1  :  0-4298,  (3  --=  85°57'.  All  these  substances  are  related 
through  the  second  geometrical  property  in  the  manner  shown  in  the 

following  table  : 

Multiples  of 
axial  ratios 
a    :    b    :    c.  /3.  taken.  x      :       y       :      z. 

Acid   0-6678:1:1-2074     90°  ia,  2b      2-5708:3-8496:4-6481 

Labile  chloride 1-8103  :  1  :  2-0997     90°         2a,  3b      2-5727  :  3-6773  :  4-4377 

Stable       ,,        1-8555:1:2-0067     89°27'     2a,  Bb      2-4770:3-7025:4-5800 

Saccharin  1-3565:1:0-4298     85°57'     2b,  3c     2-5183  :  3-6857  :  4-7521 

The  equivalence  parameters  are  related  in  the  same  kind  of  way  as 
those  of  the  similarly  related  substances  dealt  with  above ;  but,  apart 
from  this,  the  values  for  the  acid  and  the  labile  chloride  on  the  one 
hand,  and   for  the   stable  chloride  and   saccharin  on  the  other,  seem 
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particularly  closely  related.  This  would  appear  to  indicate  that  the 
labile  chloride  is  the  true  acid  chloride,  whilst  the  stable  chloride  is 
the  dichloroanhydride  of  the  acid. 

The  effect  on  the  equivalence  parameters  of  introducing  homologous 
radicles  into  the  molecule  is  well  illustrated  by  Tutton's  measurements 
(Trans.,  1890,  57,  714)  of  the   l-alkyl-3-diphenyl-5-phenylpyrrholones, 

.  .  .  CH.Oxh.^    -XT-IT-        •  1     •     1        TT- 

havmg  the  constitution    i  p>JNX,  in  which  X  represents  either 

L/Jl  nf)*v_/L' 

methyl,    ethyl,    or    propyl.      The    methyl    and    ethyl    derivatives  are 

anorthic  and  isomorphous,  and   the  ethyl  derivative  crystallises  also  in 

monosymmetric    forms  isomorphous  with  the  propyl   compound ;  the 

data  for  these  substances  are  included  in  the  following  table  : 

Crystal 
X.  JV.    system.  a    :    b    :    c.  x      :       y      :       z. 

Methyl    116         A         0-9059  :  1  :  0-8695         4-9092:5-4192:4-7120 

a  =  79°52',  i3:=86°3',  7  =  70''26' 

Ethyl 122         A  0-9120:1:0-9524         4-8928:5-3649:5-1095 

a==78°48',  ,8=:89°10',  7  =  68^2' 

Ethyl 122         M         1-6898  :  1  :  1-9579         5-6273:3-3302:6-5200 

3  =  86°54' 

Propyl     128        M         1-8060:1:1-8821        6-0577:3-3542:6-3129 

/3  =  86°17' 

It  is  seen  that  in  the  passage  from  the  methyl  to  the  anorthic  ethyl 
derivative,  the  x  value  remains  nearly  unchanged,  the  y  value 
diminishes  slightly,  and  the  'z  value  increases  so  as  to  carry  the  whole 
effect  of  the  increased  valency  volume ;  similarly,  in  the  passage  from 
the  monosymmetric  ethyl-  to  the  propyl-derivative,  the  y  value  remains 
almost  constant,  the  z  value  diminishes  slightly,  whilst  the  x  value 
increases  so  as  to  bear  the  effect  of  the  increase  of  W  and  the  diminution 
of  the  z  value.  No  attempt  has  been  made  here  to  bring  the  anorthic 
and  monosymmetric  substances  into  harmony ;  but  it  is  clear,  from 
the  above  changes  of  the  equivalence  parameters,  that  the  directions 
a,  b,  and  c  in  the  anorthic  substances  are  roughly  identical  with  the 
directions  h,  c,  and  a  respectively  in  the  monosymmetric  compounds 
and  that  it  would  not  be  difficult  to  calculate  from  the  data  given  what 
directions  are  absolutely  equivalent  in  the  two  types  of  symmetrical 
assemblage. 

As  the  second  geometrical  property  of  close-packed  assemblages 
is  obviously  a  reversible  one,  further  extensions  of  the  method  of 
substitution  which  it  involves  can  be  made.  Thus,  if  one-fourth  of 
the  oxygen  spheres  are  homogeneously  removed  throughout  the 
assemblage  of  potassium  chromate,  two  additional  valency  or  volume 
units  must  also  be  removed  in  order  that  close-packing  without 
1  emarshalling  may  be  possible ;  when  this  is  done,  the  residual 
skeleton,  CrOg,  is  obtained.     The  observed  axial  ratios  for  potassium 
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chromate  and  chromium  trioxide  are  found   to   be   nearl}^  the  same, 
namely  : — 

KgCrO^ «:?>:c  =  0-5695:l  :0-7297. 

CrOg  rt:6:c  =  0-6285:l  :0-7246. 

The  simplicity  of  the  eliemical  and  crystallographical  substitution 
relations  exemplified  by  the  cases  dealt  with  above  justifies  the  hope 
that  before  long  the  relative  nature  of  the  assemblages  affected  by  all 
inorganic  compounds  will  be  traceable  as  a  complete  scheme  exhibiting 
the  relations  holding  between  them. 


MuUivalency. 

The  well-known  law  that  the  several  valencies  of  multivalent 
elements  in  general  dilTer  by  two  or  midtiplies  of  two  has  hitherto 
successfully  evaded  all  attempts  to  attach  to  it  a  physical  significa- 
tion ;  the  reciuTence  of  two  and  its  multiples  in  this  connexion 
has,  however,  received  a  geometrical  interpretation  in  the  last  few  pages. 
It  has  been  shown  that  the  insertion  of  an  atom  of  valency  m  +  1  into  the 
space  vacated  in  the  assemblage  by  atoms  of  the  total  valency  m 
necessitates  the  simultaneous  introduction  of  an  additional  atom  of 
valency  1  into  the  enveloping  shell  of  atoms  if  the  close-packing  is  to 
be  restored  without  remarshalling.  This  process  is  equivalent  to 
inserting  an  atom  of  valency  1  into  the  space  already  occupied  by  an 
atom  of  valency  m,  when  the  gap  produced  in  the  shell  enveloping  the 
two  atoms  must  be  filled  by  the  insertion  of  an  additional  atom  of 
valency  volume  1.  The  atom  of  valency  ?Ji  will  under  these  conditions 
function  as  having  the  valency  m-l-2,  although  its  sphere  of  influence 
retains  the  volume  appropriate  to  an  atom  of  valency  m.  Similarly, 
if  two  atoms  of  valency  1  are  forced  into  the  cavity  along  with  the 
original  atom  of  valency  m,  one  or  more  atoms  of  the  total  v.alency 
volume  2  must  be  inserted  into  the  enveloping  shell  for  tlie  preserva- 
tion of  close  packing  without  remarshalling,  and  in  this  case  the 
original  atom  of  valency  m  functions  as  one  of  valency  m  -f-  4.  Thus, 
the  relation  between  the  compounds  Csl,  Cslg,  Cslg  or  Csl^,  and  Cslg 
(Abegg  and  Hamburger,  Zeit.  anorg.  Chem.,  1906,  50,  403)  seems 
clearly  indicated  ;  the  sphere  of  atomic  influence  or  the  fundamental 
valency  of  ciBsium  and  of  iodine  is  1  in  each  of  these  compounds. 
Ammonium  chloride,  NH^Cl,  also  must  be  regarded  as  derived  by 
insei'ting  into  the  ammonia  assemblage  a  monovalent  atom  of  volume  1 , 
when  a  gap  is  produced  in  the  shell  of  spheres  originally  surrounding 
the  nitrogen  sphere  which  can  be  filled  up  so  as  to  restore  close-packing 
without  remarshalling  by  the  insertion  of  another  sphere  of  volume 
1  ;  in  the  ammonium  salts  the  nitrogen  atom  thus  has  the  fundamental 
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valency  3.  Examples  bearing  upon  this  are  quoted  in  connexion 
with  the  aniline  salts  (p.  1733)  and  the  vanadylthiocyanates  (p.  1733). 
The  limitation  of  the  valencies  t6  m,  m  +  2,  m  +  4,  &c.,  must  be 
expected  only  when  the  fundamental  valency  m,  stated  as  a  whole 
number,  expresses  closely  the  volume  of  the  sphere  of  atomic  influence 
of  the  element.  But  it  has  been  already  pointed  out  (p.  1726)  as  prob- 
able that  the  spheres  of  atomic  influence  of  elements  in  the  same 
vertical  column  of  the  periodic  table  change  in  volume  slightly  as  the 
column  is  descended  :  although  the  valency,  stated  as  a  whole  number, 
remains  the  same.  Discrepancies  should  therefore  arise  of  the  natui'e 
illustrated  by  the  following  example.  Sulphur  yields  with  chlorine  the 
compounds  S.^Clg,  SClg  and  SCl^,  and,  in  general,  as  this  element 
exhibits  only  bi-,  quadri-  or  sexa-valency,  it  may  be  concluded  that  its 
sphere  of  atomic  influence  has  very  closely  the  volume  2,  compared 
with  that  of  chlorine  as  1,  or  oxygen  as  2.  Molybdenum,  in  the 
same  vertical  column,  should  have  a  sphere  of  atomic  influence  some- 
what different  from  this,  and  we  accordingly  find  that  molybdentim 
forms  the  compounds  MoClg,  M0CI3,  MoCl^  and  M0CI5.  There  seems 
here  a  clear  indication  that,  the  sphere  of  atomic  influence  of  chlorine 
having  the  volume  1,  that  of  molybdenum  is  between  2  and  3, 
for  then  close-packing  might  be  attained  in  an  assemblage  containing 
twice  or  thrice  as  many  atoms  of  chlorine  as  of  molybdenum,  and  the 
insertion  of  two  more  halogen  atoms  into  each  unit  of  the  partitioning 
in  these  assemblages  in  accordance  with  the  second  geometrical  pro- 
perty would  in  this  event  ngain  lead  to  the  production  of  close-packed 
assemblages.  The  fact  that  the  compounds  SF.^  and  MoF^  can  be 
formed  probably  indicates  that  the  sphere  of  atomic  influence  of 
fluorine  is  slightly  smaller  than  that  of  chlorine. 

In  this  connexion  one  necessary  consequence  of  assigning  somewhat 
different  volumes  to  the  spheres  of  atomic  inflvience  of  two  elements  of 
the  same  valency  may  be  noted.  The  simple  compounds  of  such 
elements  might  differ  in  type  and  crystalline  form  to  such  an  extent 
that  chemical  analogies  would  be  difllcult  to  follow  ;  in  the  more  com- 
plex compounds,  however,  built  up  by  the  operation  of  the  second 
geometrical  property,  the  differences  in  volume  of  the  spheres  of 
influence  would  exercise  less  effect  than  in  the  simple  compounds.  It 
is  to  be  expected,  therefore,  that  very  dissimilar  elements  of  the  same 
valency  would  behave  dissimilarly  in  their  simple  compounds,  but 
would  conform  more  to  the  same  type  in  their  compounds  of  consider- 
able molecular  complexity.  This  is  illustrated  by  the  fact  that  the 
equivalent  metals  lead  and  platinum  exhibit  ordinarily  but  Hi  tie 
analogy,  whilst  their  complex  compounds,  K2Pb(OH),.  and  K.2Pt(0H)g, 
are  actually  isomorplious. 

.So  far  as  the  pi esent  inquiry  has  extended,   it   has  not   liecn    found 
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necessary  to  attribute  to  the  same  element  under  different  conditions 
of  combination  spheres  of  atomic  influence  of  different  volumes ; 
that  is  to  say,  elements  such  as  sulphur  and  nitrogen  always  exhibit 
the  fundamental  valencies  2  and  3  respectively,  and  the  higher 
valencies  are  merely  expressive  of  the  operation  of  the  second 
geometrical  property  of  close-packed  homogeneous  assemblages.  It 
remains  to  be  ascertained  whether  in  every  case  the  facts  accord  with 
the  attributing  of  one  particular  fundamental  valency  to  each  known 
element.  It  is,  however,  very  important  that  the  necessity  does  not 
arise  for  attributing  to  nitrogen  a  higher  fundamental  valency  than 
3,  and  that  in  many  per-  and  proto-metallic  salts  all  known  facts 
accord  with  the  assumption  of  one,  and  only  one,  fundamental  valency 
to  the  metal. 

Thus  it  will  probably  be  agreed  that  the  formation  of  the  compound 
Klg  is  not  due  to  potassium  becoming  tervalent,  but  to  the  production 
of  a  molecular  compound  between  potassium  iodide  and  iodine.  But 
thallous  iodide,  Til,  which  is  isomorphous  with  potassium  iodide,  can 
be  converted  into  thallic  iodide,  Tllg,  which  is  isomorphous  with  the 
compovmds  Ilbig  and  Cslg  (Wells  and  Penfield,  Ame7\  J.  Sci.,  1894, 
47,  463;  Abegg  and  Maitland,  Zeit.  anorg.  Chem.,  1906,  49,  340), 
thus  : — 

Rbl,  a:5:c  =  0-6858  :  1  :  M234 

Gslg"  a:6:c  =  0-6824:l  :M051 

Tllg    a  :6:  0  =  06828:1:1-1217 

So  that  thallic  iodide,  in  which  the  metal  is  tervalent,  is  isomorphous 
with  substances  of  corresponding  molecular  composition  in  which  the 
metal  is  apparently  univalent ;  the  parallel  between  thallic  iodide 
and  the  periodides  of  the  alkali  metals  affords  strong  presumptive 
evidence  in  favour  of  the  explanation  of  multivalency  advanced  in 
the  present  paper. 

There  are,  as  is  well  known,  limitations  to  the  extent  to  which 
different  elements  exhibit  multivalency ;  thus,  carbon  seems  always 
to  be  quadrivalent,  but  sulphur  and  nitrogen  show  changeable  valency. 
This  difference  is  traceable  to  the  nature  of  the  partitioning  occurring 
in  close-packed  assemblages ;  it  is  convenient  to  deal  with  this 
particular  aspect  of  the  partitioning  as  a  third  geometrical  pi'operty 
of  close-packed  homogeneous  assemblages.  This  third  property 
is  that,  on  the  introduction,  in  accordance  with  the  second  geometri- 
cal property,  of  additional  spheres  beyond  the  numei'ical  propor- 
tions required  by  the  fundamental  valencies  of  spheres  already  present, 
the  resulting  close-packed  assemblage  may  be,  in  general,  partitioned 
in  two  distinct  ways  ;  the  one  way  partitions  the  assemblage  into 
units  representing   two    different  compounds,   in   each    of  which  the 
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fundamental  valencies  alone  are  involved ;  the  other  partitions  the 
assemblage  into  identical  units,  and  in  this  case  some  particular  atom 
of  valency  m  f vinctions  as  of  valency  on  +2  or  m  +  4  in  accordance 
with  the  second  geometrical  property.  It  is  frequently  found 
practically  that  only  one  of  the  two  kinds  of  partitioning  is  operative 
under  a  given  set  of  conditions,  although,  in  certain  cases,  both  occur 
simultaneously  ;  thus,  the  quaternary  ammonium  salts  or  ammonium 
salts  exist  in  solution  partly  as  such,  partly  as  the  tertiary  amine 
or  ammonia  and  alkylammonium  or  hydrogen  salt. 

The  precise  natui-e  of  the  principle  which  determines  whether 
partitioning  of  the  second  kind,  into  identical  units,  or  of  the  first 
kind,  into  two  kinds  of  units,  will  occur  in  any  given  case  cannot  yet 
be  determined  ;  it  appears  to  be  somewhat  akin  to  the  principle  which 
determines  polymorphism  and  lai'gely  dependent  on  temperature 
conditions,  as  in  the  case  of  ammonium  chloride,  which  at  ordinary 
temperatures  is  partitionable  into  units,  NH^Cl,  of  the  one  kind, 
but  which  at  high  temperatures  is  partitionable  only  into  two  kinds  of 
units,  NII3  and  HCl.  The  same  kind  of  behaviour  is  exhibited  by 
some  carbon  compounds,  for  triphenylmethyl  bromide,  under  certain 
conditions,  gives  a  stable  periodide,  (CgH5)3CBr,I^  (/.  Amer.  Ghem. 
Soc,  1898,  20,  790),  analogous  to  the  periodides  of  ammonium  and 
alkali  iodides.  The  whole  question  of  the  magnitude  and  form  of  the 
units  px-oduced  when  a  given  homogeneous  assemblage  bi'eaks  up,  or  in 
other  words,  the  question  as  to  which  links  break  most  easily  and 
which  survive,  is  an  extremely  obscure  one.  It  would  seem  that  as 
disruption  proceeds,  small  spheres  are  at  a  disadvantage  as  compared 
with  larger  ones  ;  perhaps  they  are  moved  more  violently,  and  thus 
their  contacts,  which  are  necessai-ily  fewer  than  those  of  the  larger 
spheres,  are  more  easily  broken.  The  third  geometrical  property  of 
close-packed  homogeneous  assemblages  is  intimately  connected  with 
the  whole  question  of  chemical  action ;  and  with  this  we  propose  to 
deal  later. 

The  Crystalline  and  Ainorphous  States. 

The  present  work  indicates  that  the  chemical  molecules  assume  such 
shapes  when  arranged  in  a  crystal  structure  as  can  be  close-packed  in 
homogeneous  assemblage ;  and  configurations  are  assigned  to  chemical 
molecules,  built  up  from  the  spheres  of  influence  of  the  component 
atoms  which  are  in  entire  accordance  with  our  chemical  knowledge  of 
the  substances  considered.  A  slight  difference  necessarily  exists, 
however,  between  the  conditions  of  the  molecule  in  the  crystalline 
state  and  in  an  amorphous  or  unconstrained  condition. 

Within  the  crystal  the  molecule  is  subject  to  the  action  of  symmetri- 
cally disposed  restraining  forces  identical   in   kind   with  those  which 
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endow  it  with  its  characteristic  shape ;  the  molecule  under  this  action 
will  therefore  necessarily  experience  a  definite  though  slight  deforma- 
tion whilst  entering  as  a  unit  into  a  crystalline  assemblage.  But 
when  the  constraining  forces  are  removed  by  the  disintegration  of  the 
crystalline  structure,  it  is  to  be  expected  that  the  molecule  will  ar,sume 
a  rather  more  symmetrical  shape  than  before.  The  differences  in  con- 
figuration which  may  thus  arise  have  been  illustrated  in  the  case  of 
benzene  ;  the  free  and  unconstrained  molecule  will  have  the  structure 
shown  in  Fig.  1,  and  this,  in  the  crystalline  structure,  assumes  the 
slightly  distorted  form  which  is  shown  packed  in  the  assemblage  in 
Fig.  3. 

Apart  from  such  comparatively  slight  differences  as  these,  the 
ai-rangement  of  the  atomic  spheres  of  influence  within  the  molecule 
must  be  regarded  as  nearly  identical  in  both  the  amorphous  and 
crystalline  states,  although  in  the  former  case  the  relative  situations  of 
the  molecules  necessarily  display  more  or  less  heterogeneity ;  the 
possible  changes  in  configuration  of  the  molecule  are  controlled  by  the 
condition  that,  for  the  substance  to  preserve  its  chemical  individuality, 
the  marshalling  of  the  parts  of  the  molecule  must  be  the  same  in  all 
states. 

Even  in  liquids,  however,  many  indications  are  given  that  the 
molecules,  from  time  to  time,  and  from  place  to  place,  transitorily 
assume  a  homogeneous  arrangement  throughout  tracts  which,  on  a 
scale  of  molecular  dimensions,  are  of  considerable  extent.  The 
doubly-refracting  liquids,  or  so-called  liquid  crystals,  which  now  form 
a  large  class  of  substances,  can  only  have  their  origin  in  wholesale 
homogeneity  of  arrangement  throughout  spaces  of  molecularly  great 
volumes.  Much  of  the  uniformity  and  symmetry  characterising  the 
chemical  behaviour  of  fluid  substances  can  be  explained  by  assuming 
the  existence  of  this  fragmentary  homogeneity  of  arrangement,  liable 
though  it  must  be  to  continual  destruction  and  reconstitution.  The 
well-known  influence  of  surfaces  and  of  catalytic  agents  u[  on  chemical 
action  can  be  easily  formulated  as  due  to  an  arranging  effect  produced 
by  the  surface  or  catalyst  leading  to  the  transitory  formation  of  a 
complex  assemblage  which  immediately  undergoes  partitioning  into 
two  distinct  assemblages  in  accordance  with  the  third  geometrical 
property  of  close-packed  assemblages. 

It  must  be  concluded  that,  in  crystals,  the  arranging  process  without 
which  crystallisation  cannot  occur  precedes  the  act  of  solidification, 
a  film  being  present  at  the  surface  of  the  growing  crystal  which, 
although  not  yet  solidified,  is,  owing  to  the  presence  of  the  symmetri- 
cally-constituted surface,  homogeneously  arranged  like  the  substance 
of  the  solid  crystal.     This  film  will,  in  general,  be  of  microscopic  thin- 
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ness,  although  thick  when  regarJed  molecuhirly.  The  process  of 
crystallisation  involves  not  only  the  complete  homogeneous  arrange- 
ment of  the  molecules,  but  incidentally  also  their  deformation,  and 
this  deformation  will  naturally  differ  in  extent  in  different  substances  ; 
the  varying  amount  of  deformation  which  has  to  be  effected  in  the 
molecules  of  different  substances  during  crystallisation  may  well  be  a 
responsible  factor  in  determining  the  very  different  speeds  of  crystal- 
lisation observed  amongst  chemical  substances. 

The  Crystalline  Forms  of  the  Elements. 

During  the  present  investigation  no  occasion  has  arisen  for 
discriminating  between  the  forces  which  hold  the  parts  of  the 
molecule  together  and  those  as  a  result  of  which  the  separate  molecules 
are  held  together.  That  such  a  necessity  actually  exists  is  indicated 
by  the  fact  that  those  elements,  such  as  sulphur,  which  are 
most  liable  to  allotropy  occur  in  several  crystalline  modifications 
of  low  symmetry,  whilst  most  of  the  others  are  obtainable  only 
in  crystalline  modifications  of  high  symmetry.  In  the  cases  of 
crystalline  elements,  which  are  at  present  regarded  as  composed  of 
identical  atoms,  it  is  conceivable  that  the  nature  of  the  packing  naay 
be  modified  by  the  existence  of  grouping  of  the  identical  spheres  of 
influence  of  the  atoms  so  as  to  form  molecular  aggregates. 

Thus,  there  are  two  distinct  ways  in  which  the  closest-packed  cubic 
assemblage  of  equal  spheres  can  be  partitioned  into  tetrahedral  groups 
of  four  spheres.  In  the  one  partitioned  assemblage  all  the  groups  are 
found  similarly  orientated,  whilst  in  the  other  one  half  of  the  groups 
display  an  orientation  opposite  to  that  of  the  remaining  half.  If  a 
nucleus  is  formed  of  the  latter  arrangement,  which  has  the  higher 
symmetry  of  partitioning,  and  this  nucleus  is  caused  to  grow  in 
accordance  with  the  former  or  less  symmetrically  partitioned  arrange- 
ment, twinning  of  the  mass  is  brought  about  which  precisely  simulates 
the  twinning  of  diamond  (compare  Sollas,  Froc.  Roy.  Soc,  1901,  67, 
493  and  Barlow,  .Sci.  Froc.  Bub.  Eoy.  8oc.,  1897,  8,  542). 

The  crystallogi'aphic  properties  of  diamond  are  thus  capable  of 
explanation  on  the  assumption  that  the  molecule  consists  of  four 
atoms  tetrahedrally  arranged. 

Groups  of  eighteen  equal  spheres  representing  carbon  atoms  can, 
however,  also  be  built  up  by  the  stacking  together  in  trigonal 
symmetry  of  three  groups  of  six,  each  arranged  as  in  benzene  ;  the 
arrangement  is  that  of  the  nine  spheres,  a,  in  one  plane  of  Fig.  24 
associ  itcd  with  the  nine  spheres  marked  in  dotted  circles  in  the  figure, 
and  in  which  the  three  bu'iizenoid  carbon  complexes  are  grouped  about 
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the   blackened   triangular  segment.     The  graphic  formula  of  such  a 

complex  is  that  of  the  triple  naphthalene  ring,  and  the  complexes  may 
be  close-packed  as  indicated  in  the  figure,  in  which 
the  letters,  a,  b,  c,  d,  e,  f,  and  g  refer  to  the  carbon 
spheres  composing  one  layer  of  different  groups. 
The  assemblage  has  rhombohedral  symmetry,  and 
is  thus  compatible  with  the  rhombohedral  or  pseudo- 
rhombohedral  crystalline  symmetry  of  graphite,  and 
an  assemblage  partitioned  into  these  18-membered 
groups  might  on  oxidation  be  expected  to  yield 
mellitic  and  oxalic  acids  just  as  does  charcoal  and 
also,  with  previous  formation  of  graphitic  acid, 
This  suggestion  does  not,  however,  without  some  additional 

hypothesis,  throw  any  light  on  the  low  density  of  graphite  as  compared 

with  diamond. 

Fig.  24. 


graphite. 


Other  ways  of  partitioning  a  cubic  closest-packed  assemblage  of 
equal  spheres  may  perhaps  also  find  parallels  among  the  elements  ;  for 
example,  that  into  groups  of  eight  spheres  arranged  rhombohedrally. 
Thus  the  molecule  of  sulphur  apparently  contains  8  atoms  (Beckmann, 
Zeit.  anorg.  Chem.,  1906,  51,  96),  and  certain  of  the  crystalline 
modifications  of  this  element  exhibit  axial  ratios  which  indicate  that 
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they  probably  originate  from  some  distortion  of  a  cubic  arrangement. 
The  monosymmetric  fourth  modification  of  sulphur,  with  «  :  6  :  c  = 
0  99575  :  1  : 0-99983,  /8  =  84°14'  (Muthmann,  Zeit.  KrysL  Min.,  1890, 
17,  345),  approximates  very  closely  to  cubic  symmetry. 

Conclusion. 

Before  concluding  this  paper,  it  is  desirable,  for  the  sake  of  clearness, 
briefly  to  indicate  farther  results  which  have  been  obtained,  and  which 
we  hope  shortly  to  publish  in  detail. 

In  one  of  the  homogeneous  assemblages  of  spheres,  each  representing 
a  carbon  atom,  one-half  of  the  spheres  can  be  homogeneously  replaced, 
each  by  four  hydrogen  spheres ;  the  substituted  assemblage  is  then 
partitionable  into  units  or  cells  of  the  composition  CH^,  and  having  the 
tetrahedral  marshalling  attributed  to  methane  by  van't  Hoff  and 
Le  Bel.  If  in  this  methane  assemblage  one  hydrogen  sphere  is 
removed  symmetrically  from  each  cell  or  unit  of  the  partitioning,  and 
close-packing  restored  by  shrinking  the  assemblage  together,  the  sub- 
sequent partitioning  resolves  the  asicmblage  into  units  of  the  compo- 
sition C'oH,,,  each  having  the  marshalling  attributed  to  ethane  by 
van't  Holf  and  Le  Bel.  By  the  further  removal  of  hydrogen  spheres 
and  the  re-establishment  of  close  packing  by  the  process  of  closing-up, 
homogeneous  assemblages  representative  in  number  and  characteristics 
of  all  the  normal  paraffins  cm  be  derived,  and  by  appropriate  sub- 
stitutions effected  in  these  assemblages  arrangements  entirely  repre- 
sentative of  all  the  other  open  chain  paraffins  can  be  deduced. 

If,  in  the  ethane  assemblage,  a  hydrogen  sphere  is  removed  from 
each  methyl  group  and  the  assemblage  shrunk  together  in  a  particular 
symmetrical  manner  so  as  to  close  up  the  cavities,  an  assemblage  is 
produced  which  may  be  partitioned  into  units  of  the  composition 
CoH^  ;  the  units  have  the  plane  configuration  attributed  by  Wislicenus 
to  ethylene,  and  the  assemblage  is  characterised  by  geometrical 
peculiarities  representative  of  unsaturation  or  the  pi-esence  of  an 
ethylenic  bond.  From  this  assemblage  others  can  be  derived  by 
substitution  e^ual  in  number,  and  corresponding  in  properties,  to  the 
open  chain  olefines.  The  further  removal  of  hydrogen  spheres  from 
the  ethylene  assemblage  leads  to  the  production  of  an  assemblage 
representing  acetylene,  and  this  by  appropriate  substitution  can  be 
converted  into  others  representing  the  homologucs  of  acetylene. 
These  assemblages  exhibit  a  geometrical  peculiarity  representative  of 
the  presence  of  a  triple  or  acetylenic  bond. 

Although  the  crystalline  forms  of  the  aliphatic  hydrocarbons  are 
unknown,  ample  ci-ystallographic  data  relating  to  simple  fatty  com- 
pounds are  available,  and  with  the  aid  of  these  the  conclusions  briefly 
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described  above  have  been  verified.  The  geometrical  peculiarities 
which  are  the  analogues  of  an  ethylenic  and  an  acetylenic  bond 
suggest  that  the  spheres  between  which  the  double  or  triple  bond  is 
operative  are  not  closely  sui'rounded  by  other  spheres,  and  that  when  a 
carbon  sphere  is  in  a  state  of  saturated  combination  the  shell  of  spheres 
enveloping  it  will  be  found  to  have  a  maximum  density  of  packing. 

The  authors'  thanks  are  due  to  the  Committee  of  the  Municipal 
School  of  Technology  for  permitting  the  blocks  illustrating  this  paper 
to  be  made  in  the  school,  and  to  Messrs,  Chas.  W.  Gamble  and 
E.  B.  Fishenden,  of  the  Photographic  and  Printing  Crafts  Depart- 
ment, for  the  care  with  which  they  have  carried  out  the  work. 

Municipal  School  of  Technology, 

Victoria  University  of  Manchester. 


CLXIX. —  Optically  Active  DihydrojjhthaUc  Acid. 

By  Allen  Neville,  B.Sc. 

Of  the  six  structurally  isomeric  dihydrophthalic  acids  which  are 
theoretically  possible,  four  have  been  prepared  by  Baeyer  [Annalen, 
1892,  269,  145),  and  have  had  certain  formula?  assigned  to  them. 
Whilst  there  is  little,  if  any,  doubt  as  to  the  correctness  of  these 
formulae,  anything  in  the  nature  of  extra  proof  is,  of  course,  welcome, 
and  it  seemed  possible  to  supply  this  by  seeing  if  the  acids  to  which 
Baeyer  ascribed  a  formula  containing  an  asymmetric  carbon  atom, 
could  be  resolved  into  their  optically  active  isomerides. 

Two  only  of  the  acids  contained  such  atoms,  and  one,  the  A-'^-acid, 
had  already  been  resolved  by  Proost  {Ber.,  1894,  27,  3185),  by  the 
crystallisation  of  its  strychnine  hydrogen  salt. 

There  remained  the  A^-^-acid  which  exists  in  a  trans-  and  cts-modifica- 
tion,  each  containing  two  asymmetric  cai'bon  atoms,  and  which  bear  to 
one  another  the  same  relation  as  racemic  and  mesotartaric  acids,  that 
is,  the  former  only  should  be  capable  of  being  resolved  into  optically 
active  isomerides.  This  has  been  done  ;  the  trans-  acid  giving  two  active 
isomerides  on  crystallising  the  strychnine  hydrogen  salt,  these  iso- 
merides having    [a]o  126°. 

Baeyer  stated  {loc.  cit.)  that  when  treated  with  sodium  hydroxide  the 
ira?is- A* -^-acid  was  converted  into  the  A"  "-form,  and  when  treated  with 
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acetic  anhydride  passed  into  the  ci's-A''' ^-modification,  according  to  the 
following  scheme : 


X         NaOH 
H      > 


1     X 

(CH3C0),0 

I^H 

^ 

l^x 

\/^x 

\/^^ 

trans- A^  ■  ^. 

cis-A^  ■  ■'. 

trans- A^  '■  ^. 

As  neither  of  these  forms  contains  an  asymmetric  carbon  atom,  the 
optical  activity  ought  to  be  destroyed  by  treatment  with  these  re- 
agents. This  was  shown  to  take  place  in  both  cases,  the  change  from 
one  modification  to  the  other  proving  to  be  a  unimolecular  reaction 
under  the  conditions  of  the  experiment.  These  results  furnish  con- 
firmation of  the  formulae  assigned  by  Baeyer  to  the  different  forms  of 
dihydrophthalic  acid. 

trans- A*  ■  '^-Dihydrophthalic  Acid. 

This  substance  was  prepared  by  the  method  described  by  Baeyer. 
Three  per  cent,  sodium  amalgam  (400  grams)  and  50  per  cent,  acetic 
acid  (60  c.c.)  are  added  in  small  portions  at  a  time,  with  constant  stirring, 
to  a  well  cooled  sokition  of  phthalic  acid  (20  grams)  and  sodium  acetate 
(33  grams)  in  water  (200  c.c).  When  the  reaction  is  over  the  solution  is 
mixed  with  20  per  cent,  sulphuric  acid  (50  c.c),  kept  until  the  sodium 
sulphate  has  separated,  and  the  acid  then  precipitated  with  dilute 
sulphuric  acid  and  recrystallised  as  quickly  as  possible  from  boiling 
water;  it  melts  at  210°. 

\-Strychnine  Hydrogen  tvans-^^^^-Dihyd7'ophthalate, 

The  dihydrophthalic  acid  (1  niol.)  was  dissolved  in  boiling  alcohol, 
and  to  the  solution  was  gradually  added  finely  powdered  strychnine 
(1  mol).  After  a  short  time  the  strychnine  dissolved  and,  on  cooling, 
the  strychnine  hydrogen  salt  separated  in  rosettes  of  hard,  short 
needles.  This  substance  is  fairly  soluble  in  chloroform,  slightly  so  in 
alcohol,  and  insoluble  in  water  or  ether.  It  melts  above  280°,  and 
does  not  lose  weight  at  100°. 

02665  gave  12'5  c.c.  moist  nitrogen  at  16°  and  770  mm.  N  =  5-53. 
C^gH^oOgN^  requires  N  =  5'57  per  cent. 

The  following  polarimetric  observations*  were  made  after  one 
crystallisation  from  alcohol  : 

0-4:902, madeup  to  20  c.c.  with  chloroform,  gavea  -  0'58  ';  whence  [aj^ 
-11-83°  and  [M]„- 59-38° 

*  All  observations  weio  made  in  a  '2-ilcni.  tiihc. 

5  Y  2 
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0'1976,  made  up  to  25  c.c.  with  chloroform, gave  a  —  0*20°;  whence  [aju 
-12-65° and  [MJ^- 63-50°. 


\-Strychnine  Hydrogen  l-tvans-A^ '■^-JDihydropJdhalate. 

When  the  racemic  salt  described  above  is  fractionally  crystallised 
from  alcohol  five  or  six  times,  the  Z-B-Z-A-salt  is  obtained  in  a  pure  state, 
as  is  shown  by  consecutive  crystallisations,  giving  fractions  with  a 
constant  rotation.  The  separation  of  this  salt  from  the  alcohol  is 
very  slow,  and  proper  separation  does  not  take  place  if  means  be  takea 
to  hasten  it.  The  salt  crystallises  in  rosettes  of  hard,  short  needles 
which  melt  at  about  272°  Avith  decomposition.  It  is  soluble  in 
chloroform,  sparingly  so  in  alcohol,  and  insoluble  in  Avater  or  ether. 
The  crystals  do  not  lose  weight  at  100°. 

02511  gave  11-8  c.c.  moist  nitrogen  at   16°  and   770   mm.  N  =  5-55. 
CggHg^O^No  requires  N  =  5-57  per  cent. 

The  pure  •  Z-B-^A-salt  has  a  rotation  about  zero  and  it  is  curious 
that  this  should  be  so,  inasmuch  as  both  its  acid  and  basic  con- 
stitutents  are  strongly  Isevorotatory. 

The  pure  salt  was  finely  ground,  susjjended  in  dilute  sulphuric 
acid,  and  the  dihydi'ophthalic  acid  extracted  with  ether.  The  ether 
was  dried  and  evaporated,  when  the  pure  ^ceyo-acid  remained. 
Although  one  never  obtains  the  whole  of  the  acid  in  this  way, 
the  use  of  alkali  for  decomposing  the  salt  was  found  to  be  impossible 
as  the  acid  is  so  readily  transformed. 

1-trans-A^  •  ^-Dihydrophthalic  Acid. 

This  acid,  obtained  by  the  method  described  above,  crystallises 
from  water  in  hard,  stout  needles.  It  is  readily  soluble  in  ether 
or  chloroform,  and  insoluble  in  water.  It  melts  at  122°,  and  does 
not  lose  weight  when  heated  at  100°. 

0-2003    gave    0-4199    CO2   and  0-0870  H^O.  0  =  57-16;  H  =  4-82. 
CgHgO^  requires  0  =  57-14;  H  =  4-76  per  cent. 

The  following  determinations  of  rotatory  power  were  made  : 

0-2723,  made  up  to  25  c.c.  with  absolute  alcohol,  gave  a -2-75°; 
whence  [a]i,  -  126-24°  and  [M  jo  -  212-41°. 

0-2521,  made  up  to  25  c.c.  with  absolute  alcohol,  gave  a-2'53°; 
whence  [a]o  -  125-44°  and  [M]^,  -  210-74". 

0-2215, made  up  to  25c. c.  with  chloroform,  gave  a  -  2-48°;  whence[a]D 
-  139-95°  and  [M]d- 235-11°. 
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Whilst  the  acid  undergoes  almost  no  conversion  into  the  cis- 
modification  -when  suspended  in  water  or  dilute  acid  in  the  cold,  hot 
solutions  change  it  to  the  other  modification.  This  is  shown  by  the 
following  figures,  the  rotation  of  the  acid  being  taken  after  successive 
crystallisations  from  water. 

Number  of  crystallisations    1.  2.  3.  4.  5. 

[aJD  in  alcohol 126-51     115-12     110-4?     103-53     98-21 

On  boiling  for  about  six  hours  continuously,  no  optical  activity  could 
be  detected,  and  the  acid  separating  out  had  a  melting  point  of  215°, 
showing  that  the  acid  had  been  transformed  to  the  A^-'^-isomeride.  An 
accurate  measurement  of  the  rate  of  change  was  then  made  by  exactly 
neutralising  the  acid  with  sodium  hydroxide,  and  keeping  the  aqueous 
solution  of  the  sodium  salt  at  97°  in  a  water-bath. 

0'5  gram  of  the  acid  was  neutralised  with  sodium  hydroxide  and 
made  up  to  25  c.c.  with  water.  It  was  then  kept  constant  at  97°  and 
occasionally  cooled  down  and  a  rotation  taken. 


Time  in  hours. 

Observed  rotation. 

K 

=  \lL\ogOolCt. 

0-00 

5-05 

— - 

0-47 

4-65 

0-0762 

1-60 

3-82 

0-0757 

2-70 

3-J5 

0-0759 

4-00 

2-51 

0-0759 

7-10 

1-46 

Slean  . 

K^ 

00758 

r  0-0759 

This  shows  that  the  transformation  proceeds  as  a  uniinolecular 
reaction. 

Far  more  i-apid  is  the  change  which  takes  place  when  an  excess  of 
sodium  hydroxide  is  used,  the  acid  under  these  conditions  being  most 
unstable.     This  will  be  seen  in  the  following  experiment. 

0-4525  gram  of  the  acid  was  neutralised  with  sodium  hydro.xide,  and 
5  c.c.  of  NjlO  sodium  hydroxide  added  in  excess.  The  whole  was  then 
made  up  to  25  c.c.  and  kept  at  50°. 


Time  in  minuti's. 

Observed  rotation. 

K^ 

=  lAlogC„/C, 

0 

4-57 

— 

7 

4-12 

0-0064 

18 

3-43 

0-0069 

27 

2-97 

0-0069 

45 

2-25 

0-0068 

57 

1-88 
Mean 

K= 

0-0067 

=  0-0067 

The  acid  recovered  from  this  experiment  and  the  previous  one 
was  optically  inactive,  and  melted  after  purification  at  215°  ;  it  was 
thei-efore  the  A" '"-acid. 
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When  the  Z-i?Yms-A'*-"'-dihyclronaphthoic  acid  was  warmed  with  acetic 
anhydride,  and  subsequently  treated  as  described  by  Baeyer,  the 
CIS- A^  -^-modification,  melting  at  174°,  was  obtained,  which  was,  of  course, 
optically  inactive. 

l-Strychmne  Hydrogen  d-tvuns-A.-^ ■^-Dihydi'ophlhalate. 

The  salt  recovered  from  the  mother  liquors  after  the  Z-B-^-A-salt  had 
cr3'stal]ised  out,  did  not  crystallise  well,  and  remained  partly  viscous 
after  prolonged  desiccation.  The  most  soluble  portions  only  were 
therefore  taken  and  decomposed  as  described  for  the  ^-B-Z-A-salt. 

d-trans- A'^  •  "-Dihydrophthalic  Acid. 

Tliis  substance,  obtained  on  decomposing  the  above-mentioned  salt, 
is  similar  in  all  respects  to  the  Isevo-isomeride.  It  crystallises  from 
water  in  hard,  stout  needles,  is  soluble  in  alcohol,  fairly  so  in  ether 
or  chloroform,  and  melts  at  121°. 

The  following  determinations  of  rotatory  power  were  made. 

0-2012,  nnade  up  to  25  c.c.  with  absolute  alcohol,  gave  a  +  2-02°j 
whence  [a]D  +125-49°  and  [M]i,  +210-82°. 

0-1872,  made  up  to  25  c.c.  with  chloroform,  gave  a  +  2-09°  ;  whence 
[«]p  +139-77°  and  [M]i,  +234-87°. 

On  analysis  it  gave  the  following  result : 

01574  gave  0-3299  CO2  and  0-0684  H^O.     C  =  57-12:  H  =  4-8l. 
CgHgO^  requires  C  =  57-14  ;  H  =  4-76  per  cent. 

On  heating  with  water  or  dilute  alkali,  the  acid  is  transformed  into 
the  A^'^-va-riety  in  an  exactly  similar  manner  to  the  Z-isomeride,  but 
sufficient  material  was  not  available  for  quantitative  experiments. 

A  mixture  made  by  dissolving  equal  quantities  of  the  d-  and 
^isomerides  in  alcohol,  and  evaporating  the  "solution  to  dryness,  gave, 
after  purification,  the  racemic  acid  melting  at  2 1 0°. 

County  Technical  LABorvATOEiES, 
Chelmsfohd. 
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CLXX.^TAe  Relation  between  Natural  and  Syntlietical 
(jrlycerijl]jhosphoric  Acids.     Part  II. 

By  Frank  Tutin  and  Archie  Cecil  Osborn  Hann. 

WiLLSTATTER  and  Liidecke  {Ber.,  1904,  37,  3753)  have  described  the 
jireparation  of  some  salts  of  a  Itevorotatory  glycerylphosphoric  acid 
obtained  fiom  egg-lecithin,  from  which  they  concluded  that  the  natural 
glycerylphosphoric  acid  has  the  unsymmeti'ical  configuration 

OH-CHo-CH(OH)-CHo-0-P03H2. 

They  also  pi'epared  the  synthetical  acid  by  heating  together  glycerol 
and  phosphoric  acid,  and  claimed  to  have  found  essential  differences 
between  the  barium  and  calcium  salts  of  the  product  thus  obtained  and 
the  corresponding  salts  of  the  natural  acid,  not  only  with  respect  to 
solubility,  but  especially  in  the  composition  of  the  pi-eparations  when 
dried  by  heat  (loc.  cit.). 

In  an  account  of  an  investigation  by  Dr.  Power  and  one  of  us 
(Trans.,  1905,  87,  249),  it  was  shown  that  the  above-mentioned 
differences  in  composition  observed  by  Willstatter  and  Liidecke  were 
due  to  the  fact  that  their  synthetical  salts  were  not  pure,  but  were 

contaminated  with  salts  of  the  di-ester,  031X5(011  )\p.^PO" OH.    It 

was  also  stated  that  "  the  observation  of  Willstatter  and  Liidecke  that 
the  glycerylphosphoric  acid  from  lecithin  possessed  optical  activity, 
although  certainly  proving  the  presence  of  the  unsymmetrical  acid  in 
the  preparation,  does  not  necessarily  exclude  the  possibility  that  some 
of  the  symmetrical  acid  was  also  present."  Furthermore,  that  "  the 
same  possibility  naturally  exists  with  respect  to  the  homogeneity  of 
the  synthetical  acid." 

AVith  the  endeavour  definitely  to  ascertain  the  nature  of  the  natural 
and  synthetical  glycerylphosphoric  acids,    the    present    authors    have 

CH.-O-POgH^ 
synthesised  the  unsymmetrical,  or  a-acid,  CH'OH.  ,  and  the  sym- 

CHg-OH 
CH/OII 
metrical,  or  )8-acid,  CH'O'POgllo,  and  compared  the  barium  and  brucine 

CIL/OII 
salts  of  these  compounds,  on  the  one  hand  with  the  corresponding  salts 
of  the  glycerylphosphoric  acid  prepared  from  glycerol  and  phosphoric 
acid  *  and,  on  the  other,  with  those   of  the  rrtcemised  acid  from  egg- 
lecithin,  t 

*  Subsequently  rcferrod  to  as  the  "  syntlietical  acid." 
t  Subseijuently  roferrcd  to  as  the  "  natural  acid." 
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The  synthetical  glycei'ylphosphovic  acid  was  prepared  from  glycerol 
and  phosphoric  acid  under  such  conditions  as  are  known  to  give  only 
the  mono-ester  (compare  Power  and  Tutin,  Trans.,  1905,  87,  249). 

The  racemised  natural  acid  was  prepared  in  the  form  of  its  barium 
salt  by  the  hydrolysis  of  lecithin  with  hot  baryta  solution.  The  latter 
substance  was  obtained  from  the  yolk  of  egg  by  Bergell's  method 
(Ber.,  1900,  33,  2584)  and  purified  by  the  recrystallisation  of  its  cad- 
mium chloride  compound  (compare  AVillstatter  and  Liidecke,  loc.  cit.). 

For  the  preparation  of  the  pure  a-  and  /3-glycerylphosphoric  acids,  the 
two  dichlorohydrins  were  employed.  ^-Dichlorohydrin  was  found  to 
esterify  to  a  small  extent  when  heated  with  phosphoric  acid,  and  when 
the  resulting  product  was  hydrolysed  with  milk  of  lime  the  calcium 
salt  of  a-gljceri/Jj^hosphoric  acid  was  obtained  : 

0H'Cff2'CHCl-CH,Cl  -^  P03H2-0-CH2-CHC1-CH2C1  -> 
PO,Ca-0-CH2-CH(OH)-CH2-OH. 

A  similar  method  of  procedure  was  found  to  be  inapplicable  in  the 
case  of  a-dichlorohydrin,  as  this  compound  undergoes  no  esterification 
when  heated  with  phosphoric  acid.  Since  it  had  previously  been 
observed  that  glycerylphosphoric  acid  could  be  obtained  by  the  action 
of  phosphoryl  chloride  on  glycerol  and  subsequent  hydrolysis  of  the 
product,  it  was  anticipated  that  if  a-dichlorohydrin  were  treated 
with  this  acid  chloride  a  reaction  would  take  place  according  to  the 
equation  : 

CH^Cl  CI  CH.,C1    CI 

CH-OH     +     Cl-P-Cl      =      CH-0-P-Cl     +     HCl. 

CH^Cl  O  CH,C1    O 

This,  however,  is  not  the  case,  for  when  a-dichlorohydrin  is  treated 
with  phosphoryl  chloride  at  the  ordinary  temperature  no  action  occurs, 
but  at  higher  temperatvires  it  was  found  that  a  reaction  takes  place 
according  to  the  following  equation  : 

/CH^Cl  \  CI  CH^Cl   CI       CH^Cl 

(  CH-OH)      +     Cl-P-Cl     -      CH~0-P-0-CH  +     2HC1, 

VcH^Cl  Z.  O  CH.Cl    O         CHgCl 

and  the  resulting  product,  when  hydrolysed  with  milk  of  lime,  yielded 
calcium  ^-dighjcenjlphosphate,  ([(CH2-OH).2'.CH-0]2'P02)2Ca  (m.  p. 
249 — 250°).  This  compound  crystallises  from  water  with  I3H2O,  and 
is  soluble  in  all  the  usual  organic  solvents  with  the  exception  of  light 
petroleum.* 

*  It  may  incidentally  be  noted  that  this  fact  affords  conclusive  proof  that  the 
"  di-ester  "  Avhich  is  produced  when  glycerol  and  phosphoric  acid  are  heated  together 
at  a  somewhat  high  temperature  (compare  Power  and  Tutin,  loc.  a«.)  consists  of  one  or 
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"When  /3-digly eery] phosphoric  acid  was  boiled  with  water,  it  was 
found  that  hydrolysis  slowly  took  place,  giving  the  desired  ji-glyceryl- 
2)hosphoric  acid,  (CH2-OH)2:CH-0-P03H2. 

The  fact  that  the  barium  and  brucine  salts  of  these  four  preparations 
of  glycerylphosphoric  acid  differ  in  composition  and  in  many  of  their 
properties  will  be  seen  from  the  following  table  : 


Barium  Salts. 

a-Glyceryl-  /3-Glyceryl- 
]iliosphate.  phosphate. 
Appearance Well-defined  Quite  amor- 
leaflets  phous 

Pei'centage  ot  HjO  iu 

air-dried  salt    1"0  5"! 

Solubility    in    water 

at  17°    One  part  in  Onepartin 

26-6  3t3-8 


Natural 
glyceryl- 
phosphate. 
Leaflets,  but  not 
nearly  so  well 
defined  as  the 
ft-salt 

2-4 

One  part  in 
13-9 


Synthetical 
glyceryl- 

phosphate. 
Granular 
powder 


2-5 

One  part  iu 
53-7 


Brucine  Salts. 

Natural  Synthetical 

o-Glyceryl-          /S-Glyceryl-  glyceryl-  glyceryl- 

pliosphate.           phosphate.  phosphate.  j)hospliate. 

Appearance Needles               Needles  Needles  Needles 

"Water  of  crystallisa- 
tion       9  molecules       IH  molecules  6i  molecules  7  molecules 

M.  p.  of  dried  salt...      157—158°           r57— 158°  158—159°  158—159° 
Optical  rotation  : 

In  water  [a\  --I'ry        [a]B-23-9°  [a]„-23-9°  [alo-24-6° 

Inalcohol    [a]o-32-5°        [a]„-28-l°  [a]i,-27-9°  [o]u-28-2° 


It  will  be  seen  from  the  above  results  that  the  natural  and  syntheti- 
cal glycerylphosphoric  acids  are  not  identical.  Moreover,  neither  of 
them  consists  of  the  pure  a-  or  ^-acid  ;  but,  as  has  previously  been 
mentioned,  the  natural  acid  must  consist,  in  part  at  least,  of  the  a-  or 
unsymmetrical  acid.  Natural  glycerylphosphoric  acid  is  therefore  a 
mixture  of  the  a-  and  ^-acids.  As  the  synthetical  acid  is  not  identical 
with  either  of  the  pure  isomerides,  it  may  be  concluded  that  this  pre- 
paration is  also  a  mixture  of  the  a-  and  yS-acids.  It  must,  however,  be 
admitted  that  the  results  obtained  are  somewhat  anomalous,  and  do 
not  permit  of  a  ready  explanation.  For  instance,  if  the  barium  salts 
of  the  natural  and  synthetical  acids  are  both  mixtures  of  the  salts  of 

0 — CHj  OH  CH,/OII 

both  of  the  substances  PO— OH   CH'OH  and  PO— 0 — CH  (compare  Carre, 

\  I  \  I 

0 CHa  0 — CH2 

Comjyl.  rend.,  1903,  137,  1070),  and  not  the  diglyceryl  ester,  (C.,IL0:,)o:P0,2H 
(compare  Adrian  and  Trillat,  /.  Phn,rm.,  1898,  7,  22G),  as  the  salts  of  the  above- 
mentioned  "di-cster"  are  insoluble  iu  alcohol. 
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the  a-  and  /3-acids,  it  is  difficult  to  see  why  one  should  be  more  readily, 
and  the  other  more  sparingly,  soluble  than  the  salts  of  either  of  the 
pure  acids.  Furthermore,  Avith  regard  to  the  brucine  salts,  it  would  not 
be  expected  that  the  amount  of  water  of  crystallisation  contained  in 
those  two  which  are  mixtures  would  be  less  than  that  contained  in 
either  of  the  constituents  of  these  mixtures  when  in  their  pure  state. 

The  values  obtained  for  the  specific  rotations  of  the  brucine  salts  ai-e 
recorded,  for  inasmuch  as  the  structure  of  the  acid  radicle  is  different 
in  the  salts  of  the  a-  and  /3-acids,  it  was  to  be  anticipated  that  they 
would  exhibit  a  difference  in  rotatory  power  in  alcoholic  solution.  The 
values  obtained  for  the  specific  rotations  in  aqueous  solution  should,  of 
course,  only  dift'er  within  the  limits  of  experimental  error. 

Although  both  the  natural  and  synthetical  glyceryl  phosphoric  acids 
appear  to  be  mixtures,  there  was  no  indication  that  any  separation 
covild  be  effected  by  the  crystallisation  of  their  salts. 

It  may  thus  be  concluded  from  the  results  of  this  investigation  that 
the  natural  and  the  synthetical  glycerylphosphoric  acids  are  differently 
constituted  mixtures  of  the  a-  and  /3-acids. 

Experimental. 

^0-CH2-OH(OH)-CH2-OH 
a-Glyccr}jlp]iosphvric  Acid,  0  =  P;— OH 

\0H 

For  this  experiment,  ^-dichlorohydrin  was  prepared  according  to  the 
method  of  Hiibner  and  Miiller  {Annalen,  1871,  159,  179),  by  chlorin- 
ating dry  allyl  alcohol  (b.  p.  96 — 97°).  The  fractionated  product 
boiled  at  179 — 180°,  and  on  analysis  was  found  to  be  pure. 

One  molecular  proportion  of  /3-dichlorohydrin    and   one  and  a  half 

molecular    proportions    of    crystallised    phosphoric    acid    were    heated 

together  in  a  paraffin  bath  for  eight  hours  at  150 — 155°.     The  brown, 

oily  product  was  then  poured  into  an  excess  of  milk  of  lime,  atid  the 

mixture  boiled  for  two  hours.     The  liquid  was  cooled  and  filtered,  the 

filtrate  deprived  of  the  excess  of  lime  by  means  of  carbon  dioxide,  and 

again  filtered.     On  evaporation,  calcitim  a-glycerylphosphate  separated 

in  colourless,  glistening  crystals ;  it  was  freed  from  calcium  chloride  by 

precipitating  with  alcohol,  and  collected  on  a  filter.     About  3  grams 

of  crude  calcium   salt   were   obtained   from   40   grams  of  /3-dichloro- 

hydrin. 

^0-CH2-CH(OH)-CH2-OH 

Barium  a.-Glycerylphospltate,  0  =  Ps— 0\  p  . — The 

\Q^±5a 

crude  calcium  salt  obtained  as  above  was  dissolved  in  water,  the  liquid 
rendered   alkaline    with  ammonia,  and    the  calcium  precipitated  and 
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removed  as  oxalate.  An  excess  of  barium  hydroxide  solution  was 
added  to  the  filtrate,  and  the  liquid  boiled  until  free  from  ammonia. 
After  cooling,  the  excess  of  baryta  was  removed  by  means  of  carbon 
dioxide,  and  the  filtered  solution  evaporated  to  a  small  bulk.  The 
barium  a-glycerylphosphate  which  separated  was  recrystallised  from 
water,  when  it  was  obtained  in  glistening  leaflets.  This  salt,  like  the 
barium  salts  of  the  other  preparations  of  glycerylphosphoric  acid, 
dissolves  more  sparingly  in  hot  than  in  cold  water. 

0-4975  of  air-dried  salt,   when   heated    at    125°,    lost  0-0052  H^O. 
H.3O=l-0. 
"  C3H70gPBa,-|-E^O  requires  H20  =  2-8  per  cent. 

0-4923,  dried  at  125°,  gave  0-3722  BaSO^.     Ba  =  44-5. 
CgH-O^PBa  requires  Ba=44-6  per  cent. 

The  solubilities  of  this  and  succeeding  barium  salts  were  determined 
by  parallel  experiments,  conducted  at  the  same  time,  in  the  following 
manner.  A  quantity  of  the  pure  salt  was  placed  in  a  small  stoppered 
bottle  and  mechanically  shaken  for  eleven  hours  with  about  15  c.c.  of 
water.  The  temperature  of  the  liquid  was  17°.  A  weighed  quantity 
of  the  filtered  solution  was  then  evaporated  to  dryness  on  a  water-bath, 
and  the  residue  weighed.  6-6122  of  the  solution  gave  on  evaporation 
0-2484  of  residue,  therefore  one  part  of  the  salt  is  contained  in  26-6 
parts  of  solution. 

/0-CH,-CH(OH)-CH^-OH 

Brucine  a-Glycerylphosphate,  0  =  P-^OHjC.^gHocO^Ng. — The    brucine 

salt  of  a-glyceryl phosphoric  acid,  as  well  as  the  brucine  salts  subse- 
quently described,  was  prepared  by  precipitating  exactly  a  solution  of  the 
respective  barium  salt  with  a  solution  of  brucine  sulphate,  the  barium 
sulphate  being  removed  by  filtration.  Brucine  a-glycerylphosphate 
readily  crystallises  from  water  in  rosettes  of  needles,  which,  after 
drying  at  100°,  melt  at  157—158°. 

0-3074    of   air-dried    salt,  when    dried    at    100°,    lost  0-0443  H^O. 
H20-14-4. 

In  order  to  ascertain  whether  the  amount  of  water  of  crystallisation 
was  a  constant  quantity,  the  salt  was  recrystallised  from  a  dilute 
solution,  and  again  allowed  to  dry  in  the  air. 

0-3016,  on  drying  at  100°,  lost  0-0436  H2O.     H20  =  14-5. 

The  air-dried  and  the  dehydrated  salts  were  then  analysed  : 

0-2021    of    air-dried    salt    gave    0-3860     CO.,    and     0-1270    IlgO. 
C  =  52-l  ;  H  =  7-0. 
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0-2048    of  salt,  dried  at  100°,  gave  0-4591  CO.,  and  0-1143  H.,0. 

C  =  6M;  H  =  6-2. 
C'49W6A4N4P>9H20  requires  C  =  52-4  ;  H  =  6-9  ;  H20  =  14-4  per  cent. 
C^gHg^Oj^N^P  requires  0  =  61-3;  11  =  6-3  per  cent.* 

The  specific  rotation  of  the  salt  dried  at  100^  was  determined  in 
aqueous  and  in  alcoholic  solution. 

0-2178,  dissolved  in  25  c.c.  of  absolute  alcohol,  gave  a^  -34'  in  a 
2-dcm.  tube,  whence  [a]D-32-5°. 

0*1608,  dissolved  in  25  c.c.  of  water,  gave  a^  -  19-5'  in  a  2-dcm.  tube, 
whence  [a]i5-25-3°. 

/0-ch:(ch2-oh)2 

P-Gli/cerylphos2jhoric   Acid,  0  =  Px— OH 

\0H 

(a)  Preparation  of  Calcium  (3-Digli/cerylp/iosphate, 

(CH.,-0H)2:cH-0v>  Q.Q      Q      /0-ch:(ch2-oh)2  . 

(CH2-OH)2:CH-0'^-^^  u  ua  u  -t'^\o.cH:(CH2-OH).;^'^^2^- 

The  a-dichlorohydrin   required  for    this   prepai'ation  was   obtained 
from  Kahlbaum,  and  was  submitted  to  a  careful  fractionation.     Only 
the  poi-tion  boiling  from  173 — 176°  was  employed,  which  was  found  to 
be  pure.     Equivalent  molecular  proportions  of  a-dichlorohydrin  and 
phosphoryl  chloride  were  boiled  together  in  a  round-bottomed  flask 
attached  to  a  reflux  condenser,  when  a  copious  evolution  of  hydrogen 
chloride    ensued.     At  the    end    of  two    and    three-quarter  hours   the 
dark  liquid  was  poured  into  a  large  excess  of  milk  of  lime,  the  mixture 
boiled  for  two  hours  in  a  flask  attached  to  a  reflux  condenser,  then 
filtered,  and  the  excess  of  lime  removed  from  the  filtrate  by  means  of 
carbon    dioxide.      On    evaporating    the    filtrate,    the     crude    calcium 
/?-diglycerylphosphate,  which  separated  as  a  scum  on  the  surface  of 
the  liquid,  was  removed  from  time  to  time  and  dried  on  a  porous  tile. 
From  50  grams  of  the  dichlorohydrin  about  18  grams  of  crude  calcium 
salt    were    obtained.     When    crystallised    from  water,  calcium  (S-di- 
glyceryljj/iosphate  was  obtained  in  long,  slender  needles,  which  melted 
at  249 — 250°.     It  dissolves  very  readily  in  alcohol  and  in  ethyl  acetate, 
but  less  readily  in  water,  chloroform,  or  benzene  ;  it  is  insoluble  in 
light  petroleum.     When    the   crystallised   salt  is   heated,  it  sutfei'S  a 
decrease  in  weight,   but  it    was  found  impracticable  to  estimate  the 
water  of  crystallisation  by  this  method,  as  the  temperature  necessary 
for  complete  dehydration  also  causes  gradual  decomposition. 

0-3081  of  air-dried  salt  gave  0-0230  CaO.     Ca  =  5-3. 

The  air-dried  salt  was  then  analysed  in  the  usual  manner. 

*  One  atom  of  hydrogen  becomes  fixed  as  HPO3. 
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0-1804  gave  0-1243  CO.^ ;  0-1169  HgO,  and  0-466  of  residue,  Ca(P03)2. 

0  =  18-8;  H  =  7-2;  Ca(P03)o  =  25-8. 
Ci.,H280i6P2Ca,13H20  requires  C  =  f  88  ;  H  =  7-1 ;  Ca  =  5-2  ;  Ca(P03)2 

=  25-9  per  cent. 

(b)  Hydrolysis  of  ^-Diglycerylphosphoric  Acid. — Calcium  /S-diglyceryl- 
phospliate  was  dissolved  in  water,  two-thirds  of  the  amount  of  sulphuric 
acid  theoretically  required  to  combine  with  the  calcium  added,  and  the 
mixture  boiled  for  four  hours.  Excess  of  calcium  hydroxide  was  then 
introduced,  the  mixture  cooled,  liltered,  and  the  filtrate  freed  from  the 
excess  of  lime  by  means  of  carbon  dioxide.  The  filtrate  was  then 
evaporated  to  a  small  bulk,  and  the  calcium  (i-glycerylphosj)hate,  together 
with  the  calcium  sulphate,  precipitated  by  the  addition  of  alcohol,  and 
collected  on  a  filter.  The  alcoholic  filtrate  contained  some  unchanged 
calcium  y8-diglycerylphosphate,  from  which  a  further  quantity  of  the 
/S-glycerylphosphate  was  obtained. 

/0-ch:(ch,-oh).2 

Barium  ^-Glycerylphosphate,  0  =  P<— 0^^t>  . — The  crude 

XQP'Jja 

mixture  of  calcium  yS-glycerylphosphate  and  calcium  sulphate  was  con- 
verted into  the  barium  salts,  and  the  barium  sulphate  removed  by 
filti-ation.  On  evaporating  the  filtrate,  barium  fi-glycerylphosjyhate 
separated  as  a  white,  amorphous  powder,  and  was  removed  by 
filtration.  It  was  then  redissolved  in  cole*  water,  the  solution  con- 
centrated on  a  water-bath,  and  the  barium  salt  which  separated  was 
collected  on  a  filtei*.  This  operation  was  repeated  several  times,  but 
the  salt  showed  no  indication  of  possessing  a  crystalline  structure. 
From  45  grams  of  crude  calcium  ^-diglycerylphosphate  about  3  grams 
of  barium  /?-glycerylphosphate  were  obtained. 

0-5108   of   air-dried   salt,  on  heating  at   125°,   lost    00259    H.A 
H20  =  51. 

Ogll-O^PBajHgO  requires  H.^0  =  5  5  per  cent. 

0-4819  dried  at  125°,  gave  0-3643  BaSO^.     Ba  =  44-2. 
CgH-OgPBa  requires  Ba  =  44'6  per  cent. 

9-9378  of  an  a:|ueous  solution,  saturated  at  17°,  gave  on  evaporation 
0-2702  of  residue,  therefore  one  part  of  the  salt  is  contained  in  36-8 
parts  of  solution. 

.o-ch:(oii/oii)., 

Brucine  /S-Glycerylphosjhale,  0  =  'P(  (niX'^^lli^O^N.,  "   ,11.',  H.,0.— 

\'31i,o,311.,,o,n; 

This  salt,  prepared  in  the  manner  previously  described,  crystallises  from 
Water  in  stout  needles,  and,  after  drying  at  100°,  melted  at  157 — 158°, 

0-42  83,  on  drying  at  100^  lost  00759  Up.     11,0  =  17-7. 
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0-1981  of  air-dried  salt  gave  0-3652  COg  and  0-1324  HgO.     C  =  50-3  ; 

H  =  7-4. 
0-1893  of  air-dried  salt  gave  0-3484  COo  and  0-1256  Jlfi.  C  =  50-2  ; 

H  =  7-4. 
0-1787,  dried  at  100°,  gave  0-4007  CO^  and  0-1052  H2O.     C  =  61-2; 

H  =  6-5. 
G49HgA4N4P,lliH20    requires    C  =  50-4;     H  =  7-l;      H20  =  17-7 

per  cent. 
C^gHgjOj^N^P  requires  C  =  61-3  ;  H  =  6-3  per  cent. 

0-2071,  dissolved  in  25  c.c.  of  absolute  alcohol,  gave  a^  -28'  in  a 
2-dcm.  tube,  whence  [ajp  -28-1°. 

0-1600,  dissolved  in  25  c.c.  of  water,  gave  a^  -  18-4'  in  a  2-dcm. 
tube,  whence  [a]u  -  23-9°. 

Natural  Glyceryl  pi losphoric  Acid. 

The  lecithin  from  which  the  racemised  natural  glycerylphosphoric 
acid  was  prepared  was  obtained  in  tlie  form  of  its  cadmium  chloride 
compound  according  to  Bergell's  method  {loc.  cit.),  and  for  this 
purpose  the  yolks  of  144  eggs  were  eraploj'ed.  This  cadmium  chloride 
compound  was  purified  by  recrystallisation  from  a  mixture  of  ethyl 
acetate  and  alcohol  (compare  Willstiitter  aud  Liidecke,  loc.  cit.). 

Barium  Salt  of  Natxiral  Glycerylphosphoric  Acid. — The  purified 
cadmium  chloride  compound  of  lecithin  was  boiled  for  one  hour  with  a 
solution  of  barium  hydroxide,  the  mixtui^e  then  cooled,  filtered,  and 
the  filtrate  deprived  of  the  excess  of  baryta  by  means  of  carbon 
dioxide.  On  concentrating  the  clear  liquid,  the  barium  salt  of  the 
natural  glycerylphosphoric  acid  was  deposited  in  the  form  of  caseous 
flakes.  This  salt  was  optically  inactive,  having  been  racemised  by  the 
use  of  boiling  liquids  (Willstiitter  and  LUdecke,  loc.  cit.).  It  was 
recrystallised  from  water,  when  it  was  obtained  in  nodular  aggregates 
of  leaflets. 

0-3950   of    air-dried    salt,    on    heating    at    125°,  lost    0*0093    H2O. 
H20  =  2-4. 

C3H706PBa,lH20  requires  H20  =  2-8  per  cent. 

0-3857,  dried  at  125°  gave  0-2912  BaSO^.     Ba  =  44-4. 
CgHp-O^PBa  requires  Ba  =  44-6  per  cent. 

5-5110  of  an  aqueous  solution,  saturated  at  17°,  gave  on  evaporation 
0-3968  of  residue,  therefore  one  part  of  the  salt  is  contained  in  13-9 
parts  of  solution. 

Bi'uciiie  Salt  of  Natural  Glycerylphosphoric  Acid. — This  salt  was 
prepared  in  the  same  manner  as  the  previously  described  brucine  salt.«- 
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When  crystallised  from  water,  it  was  obtained  in  stout  needles,  wliicli, 
after  drying  at  100°,  melted  at  158—159° 

0-4972,  on  drying  at  100°,  lost  0-0526  H,0.     H20=  10-6. 

The  estimation  of  the  Avater  of  crystallisation  was  then  repeated, 
using  another  sample  of  salt. 

0-2980,  on  drying  at  100°,  lost  0-03 U  H.O.     H2O-  105. 

The  air-dried  and  the  anhydrous  salt  were  subsequently  analysed, 
with  the  following  results  : 

0-1946  of  air-dried  salt  gave  0-3876  CO^  and  0-1240  H.,0.    C  =  54-3  ; 

H  =  7-l. 
0-2332  of  salt  dried  at    100°  gave   0-5196  CO^  and  0-1356  H,0. 

C  =  60-S;  H  =  6-5. 
C^gHgiOi^N^P,6iHoO     requires     C  =  54-6;     H==6-8;      H^O-IO-O 

per  cent. 
C^gHgjOj^N^P  requires  C  =  61-3;  H  =  6-3  per  cent. 

0-2464,  dissolved  in  25  c.c.  of  absolute  alcohol,  gave  a^  -33'  in  a 
2-dcm.  tube,  whence  [a],,   -279°. 

0-1593,  dissolved  in  25  c.c.  of  watei",  gave  a  1,  -18-3'  in  a  2-dcm. 
tube,  whence  [a]u  -23-9°. 

Sijiitlielical  GlycerylphosjjJioric  Acid. 

The  barium  salt  of  the  synthetical  glycerylphosphoric  acid  was  pre- 
pared under  such  condition,?  as  are  known  to  yield  only  the  mono-ester 
(compare  Carre,  Compt.  rend.,  1903,  137,  1070;  Power  and  Tutin, 
Trans.,  1905,  87,  249).  It  was  recrystallised  from  water,  when  it 
was  obtained  as  a  granular  powder. 

0-3036    of   air-dried    salt,    on    heating    at   125°,   lost    0-0077  HgO. 
H,0-2-5. 

Q.^\l^O^'PB?i,\Kp  requires  HgO  =  2-8  per  cent. 

5-9158  of  an  aqueous  solution,  saturated  at  17°,  gave  on  evapora- 
tion 0-1102  of  residue,  therefore  one  part  of  the  salt  is  contained  in 
53-7  parts  of  solution. 

Brucine  Scdt  of  SyathoAical  Glyceryliilios.i>]ioric  Acid. — This  salt  was 
prepared  in  the  same  manner  as  the  previously  described  brucine  salts, 
and  possessed  the  same  appearance  and  melting  point  as  the  brucine 
.salt  of  the  natural  acid. 

0-4987,  on  drying  at  100  ',  lost  00570  11^0.      H.p=  11-4. 
0-4948,  „  100',    „    0-0588  J  1,0.     HgO^ll-O. 

0-3750,  „  100°,    „    0-0448  11./).     H.O^ll-O. 
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0-2064  of  air-dried  salt  gave  0-4070  CO.  and  0-1324  H,0.     0  =  53-8; 

H  =  7-0. 
0-1968,  dried  at  100°,  gave  04392  CO.  and  0-1156  H^O.     0  =  609  ; 
H  =  6-5. 
049H6iOi4N4P,7H20  requires  0  =  54-1  ;  H  =  68  ;  H20=  116  per  cent. 
C^gHgjOi^N^P  requires  C  =  61'3;  H  =  6-3  per  cent. 

0-2366,  dissolved  in  25  c.c.  of  absolute  alcohol,  gave  a^y  —32'  in  a 
2-dcm.  tube,  whence  [aju  -  28-2°. 

0-1607,  dissolved  in  25  c.c.  of  water,  gave  a^  -19'  in  a  2-dcm. 
tube,  whence  [a]^   -  24-6°. 

The  brucine  salt  of  the  synthetical  glycerylphosphoric  acid  was  also 
prepared  by  Carre  {loc.  cit.),  wlio  assigned  to  it  a  formula  containing 
9  molecules  of  water,  whereas  the  above  results  indicate  the  presence  of 
only  7  molecules.  In  addition  to  this,  Carre  stated  the  melting  point 
of  the  salt  to  be  181°  whereas  it  has  been  observed  by  the  present 
authors  to  be  158  — 159°.  It  was  considered  possible  that  these  dis- 
crepancies were  due  to  the  fact  that  Carre  prepared  his  brucine  salt 
from  the  free  acid,  while  the  brucine  salts  described  in  the  present 
communication  were  all  prepared  from  the  corresponding  barium  salts 
by  double  decomposition.  In  other  words,  as  the  synthetical  glyceryl- 
phosphoric acid  appears  to  be  a  mixture,  and  undergoes  slow  hydrolysis 
when  heated  with  water,  it  was  thought  possible  that  the  free  acid  used 
by  Carre  might  have  become  altered  in  composition  on  account  of  its 
constituents  differiug  in  their  relative  velocities  of  hydrolysis.  The 
acid  was  therefore  liberated  from  a  quantity  of  the  synthetical  barium 
salt,  and  boiled  with  water  for  two  and  a  half  hours.  It  was  then 
converted  into  the  brucine  salt,  and  the  latter  crystallised,  when  it  was 
found  to  be  identical  with  the  preceding  preparation. 

0-3032,  when  heated  at  100°,  lost  0-0354  H^.     H.0  =  11-7. 
^ii^6fiii^4^J^2^  requires  Ho0=  11-6  per  cent. 

The  melting  point  of  the  dried  salt  was  the  same  as  previously 
observed.  The  authors  are  therefore  unable  to  confirm  the  figures 
given  by  Carre  for  the  melting  point  and  water  of  crystallisation  of 
the  brucine  salt  of  synthetical  glycerylphosphoric  acid. 

The  Wellcome  Chemical  Eesearch  Laboratories, 
London,  E.G. 
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CLXXL— TAe    Hydrolysis    of    "  Nitrocellulose "     and 
"  Nitroglycerine." 

By  OsAVALD  SiLBERRAD,  Ph.D.,  and  Robert  Crosbie  Farmer, 
D.Sc,  Ph.D. 

We  have  recently  shown  (/.  Soc.  Chem.  Ind.,  1906,  25,  961)  that  the 
gradual  decomposition  of  nitrocellulose  which  takes  place  on  storage, 
is  largely  hydrolytic  in  nature,  being  brought  about  by  the  moisture 
of  the  air,  under  the  influence  of  traces  of  acid  liberated  from  the 
nitric  esters.  With  the  object  of  gaining  a  closer  insight  into  the 
mechanism  of  the  decomposition  of  nitrocellulose,  nitroglycerine,  and 
mixtures  of  the  two,  the  hydrolysis  of  these  esters  has  been  more 
fully  studied  in  the  present  work. 

Abnormaliti/  of  the  Hydrolysis  of  Nitric  Esters. — The  subject  is  some- 
what complicated  by  the  abnormality  of  the  reactions  which  occur 
during  the  hydrolysis.  It  has  been  shown  by  Ador  and  Sauer  [Zeit. 
anal.  Cliem.,  1878,  17,  153),  Hay  {Monit.  Scient.,  1885,  [iii],  27,  424  ; 
Trans.  Roy.  Soc.  Edin.,  1885,  32,  67) ;  Maquenne  [Ann.  Chim.  Phys., 
1891,  [vi],  24,  522);  Berthelot  {Ann.  Chim.  Phys.,  1860  [iiij,  58,  4-17  ; 
Compt.  rend.,  12^0,  131,  bl'd);  Nef  {Annalen,  1899,  309,  181),  and 
Yignon  and  Bay  {Compt.  rend.,  1902,  135,  507;  Bidl.  Soc.  Chim., 
19u3,  [iii],  29,  507),  that  the  saponification  of  nitric  esters  is  always 
accompanied  by  a  reduction  of  the  nitric  acid  and  a  correspond- 
ing oxidation  of  the  alcohol.  The  authors  have  shown  (Trans., 
1906,  89,  1182)  that  in  the  ca^e  of  nitrocellulose  the  product  is  a 
highly  complex  mixture  of  hydroxy-acids,  &c. 

This  abnormality  of  the  hydrolysis  has  been  confirmed  in  several 
ways  in  the  present  work. 

(1)  When  nitrocellulose  is  hydrolysed  in  alkaline  solution,  nitrites 
are  formed  in  considerable  quantity  and  various  organic  salts  pass 
into  solution. 

(2)  Saponification  equivalent :  It  is  found  that  both  nitrocellulose 
and  nitroglycerine  neuti-ali.se  much  more  alkali  than  can  be  accounted 
for  by  the  nitroxyl  groups  pi-esent.  Thus  a  nitrocellulo.so  containing 
5'04  nitroxyl  groups  neutralised  9 '2  to  9'5  equivalents  of  baryta.  If 
the  nitroxyl  groups  only  had  entered  into  reaction,  the  nitro- 
cellulo.se  would  have  required  only  5*04  equivalents  of  bai-yia,  and 
thus  the  remainder  must  have  been  used  in  neutralising  acids  formed 
by  the  breaking  down  of  the  cellulose. 

Similarly,  nitroglycerine,  which  should  require  only  3  equivalents  of 
alkali, gave  a  saponification  equivalent  corresponding  to4'85e({uival(."ii(s. 
vol..    LXXXIX.  5   z 
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According  to  Hay  {Monit.  ScienL,  1873,  [iii],  15,  507  ;  1885,  [iii],  27, 
424),  the  saponification  of  nitroglycerine  takes  place  mainly  in 
accordance  with  the  following  equation  : 

C3H,(]Sr03)3  +  5K0H  =  IVNO3  +  2KNO2  + 

CHs'COoK  +  H-CO^K  +  SHgO. 

One  gram-molecule  of  nitroglycerine  would  thus  require  5  gram- 
equivalents  of  caustic  potash,  which  agrees  moderately  well  with  the 
result  found.  The  reaction  is,  however,  certainly  not  so  simple  as 
indicated  by  Hay. 

(3)  A'^elocity  of  saponification :  Instead  of  showing  the  normal 
decrease  in  velocity  which  would  be  expected  to  occur  as  the  quantities  of 
the  reagents  decreased,  the  saponification  continued  to  take  place  at 
approximately  the  same  velocity  vintil  a  large  proportion  of  the  alkali 
was  used  up.  This  proves  that  products  other  than  nitrocellulose 
entered  into  the  reaction.  The  saponification  of  the  nitrocellulose 
must  give  rise  to  intermediate  products  which  are  also  gradually  acted 
on  by  alkali,  and  thus  the  saponification  measured  during  the  latter 
stages  of  the  reaction  is  not  that  of  the  nitrocellulose  alone,  but  is  in 
part  a  hydrolysis  of  decomposition  products  of  cellulose. 

These  intermediate  products  are  insoluble  in  water,  for  it  was  found 
that  when  the  alkaline  liquid  was  sepai'ated  from  the  nitrocellulose,  the 
saponification  ceased  almost  entirely  in  the  filtrate. 

Nitroglycerine,  being  much  more  readily  soluble  in  water  than 
nitrocellulose,  undergoes  a  correspondingly  more  rapid  saponification 
in  alkaline  solution.  The  course  of  the  reaction  shows  an  abnormality 
similar  to  that  found  in  the  case  of  niti'ocellulose. 

It  is  somewhat  surprising  that  no  unchanged  cellulose  or  glycerol 
should  be  regenerated  on  hydrolysis,  for  if  niti'ic  acid  is  brought  into 
contact  with  cellulose  or  glycerol  in  the  concentrations  which  come 
into  consideration  in  the  hydrolysis,  no  oxidation  occui's.  It  appears 
that  the  nitric  acid  which  has  just  been  set  free  from  the  nitric  ester 
is  in  a  more  active  condition  than  nitric  acid  in  its  ox'dinary  form. 

Hydrolysis  of  nitrocellulose  in  pure  water. — Since  nitrocellulose  is 
gradually  hydrolysed  both  by  hydrogen-  and  hydroxyl-ions,  it  follows 
that  a  slight  hydrolysis  will  occur  even  in  pure  water,  owing  to  the 
minute  dissociation  of  the  water.  It  is  to  be  foreseen  that,  on  passing 
from  alkaline  to  acid  solution,  the  velocity  of  hydrolysis  will  decrease 
to  a  minimum  and  then  gradually  increase  again.  Thus,  although  it 
is  frequently  assumed  that  absolutely  pure  water  is  without  action  on 
nitrocellulose,  this  assumption  is  not  strictly  correct.  Hydroxyl  ions 
are  much  more  active  than  hydrogen  ions,  and  hence  the  minimum 
velocity  occurs  in  presence  of  a  slight  excess  of  hydrogen  ions.     The 
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concentrations  of  hydrogen-  and  hydroxyl-ions  necessary  to  produce 
the  minimum  velocity  of  hydrolysis  can  be  calculated  from  the 
velocities  of  saponification  in  acid  and  alkaline  solution  respectively. 
Tt  must,  however,  be  taken  into  account  that  in  the  comparatively 
rapid  hydrolysis  which  takes  place  in  presence  of  acid  or  alkali  of 
moderate  strength,  the  diffusion  of  the  nitrocellulose  into  the  aqueous 
solution  is  imperfect,  whilst  in  the  slow  decomposition  which  occurs  in 
presence  of  water  alone  the  solution  remains  saturated  with  nitro- 
cellulose throughout  the  reaction.'  This  has  been  allowed  for  in  the 
calculations,  and  it  is  found  that  at  37'8°  the  hydrolysis  will  take 
place  with  its  minimum  velocity,  when  the  concentration  of  the 
hydrogen  ions  is  3-7  x  10~*^  and  that  of  the  hydi-oxyl  ions  7-8  x  10~^. 
Under  these  conditions,  the  gun-cotton  will  liberate  5"6  x  lO"'^  gram- 
equivalents  of  acid  per  litre  of  water  per  year.  In  practice  the 
decomposition  is  of  course  accelerated  by  the  acid  set  free. 

It  should  be  pointed  out  that  a  solution  containing  3"7  x  10^''  gram- 
equivalents  of  hydrogen  ions  per  litre  reacts  appreciably  acid  to 
sensitive  litmus.  Hence  it  appears  that  if  gun-cotton  is  allowed  to 
remain  in  water,  no  acceleration  takes  place  in  the  hydrolysis  as  long 
as  the  solution  is  neutral  to  litmus.  It  is  seen  from  this  that  stoi"age 
under  water  forms  the  safest  method  of  keeping  gun-cotton,  since 
under  these  conditions  the  impurities  will  decompose  without  any 
appreciable  effect  on  the  nitrocellulose  itself.  In  this  way  nitro- 
cellulose of  a  remarkable  degree  of  stability  has  at  times  been  obtained 
(compare  Hess.  Mitt,  iiber  Gegenst.  d.  Art.  unci  Geniewesens,  1881,  240; 
Romocki,  Geschichte  d.  Explosivstoffe,  II.,  154,  (fee). 

Hydrolysis  of  gelatinised  niti'ocellulose,  d'c. — Gelatinised  nitrocellulose 
differs  so  strongly  from  gun-cotton  in  the  compactness  of  its  structure, 
that  it  appeared  of  importance  to  ascertain  whether  it  underwent  a 
similar  hydrolysis  in  presence  of  alkali.  The  course  of  the  reaction 
was  found  to  be  quite  analogous  in  the  two  forms  of  nitrocellulose. 

In  view  of  the  wide  application  of  gelatinised  preparations,  con- 
taining both  nitrocellulose  and  nitroglycerine,  an  examination  of  their 
hydrolysis  was  of  practical  importance.  Their  behaviour  is  somewhat 
interesting.  It  is  known  that  nitroglycerine  volatilises  fairly  readily 
from  explosives  containing  it,  and  since  experiment  shows  that 
this  ester  saponifies  rapidly  in  alkaline  solution,  it  is  to  be  expected 
that  the  nitroglycerine  fi'om  such  explosives  will  also  undergo  a 
similar  hydrolysis.  This  is  confirmed  by  experiments  on  cordite  and 
ballistite.  Both  of  those  show  a  rapid  hydrolysis  in  alkaline  solution. 
An  analysis  of  the  residual  cordite  after  hydrolysis  shows  that  tho 
hydrolysis  is  due  almost  entirely  to  nitroglycerine  which  has  passed 
from  the  explosive  into  the  aqueous  solution.     Thus  it  was  found  that 
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70    per   cent,    of    the    nitroglycerine    in    a    cordite    had    undergone 
saponification,  whilst  the  nitrocellulose  was  almost  unaltered. 

This  throws  considerable  light  on  the  mechanism  of  the  changes 
which  occur  when  cordites  are  subjected  to  prolonged  storage,  and  the 
relative  stability  of  cordite  as  compared  with  nitrocellulose  powders 
when  stored  in  a  damp  atmosphere. 


Experimental. 

Sajjonification  equivalent  of  nitrocellulose. — For  the  following  ex- 
periments a  gun-cotton  corresponding  appi'oximately  to  cellulose 
pentanitrate  was  used.  The  percentage  of  nitrogen  was  12'84,  and 
thus,  if  cellulose  is  considered  as  (CjoHoqOjq).i-,  the  nitrocellulose 
contained  5  04  x  nitroxyl  groups,  and  had  a  molecular  weight  of 
550-2  X. 

For  the  determination  of  the  saponification  equivalent,  a  weighed 
quantity  of  the  gun-cotton  was  allowed  to  stand,  with  occasional 
shaking,  in  presence  of  excess  of  baryta,  at  39°,  and  after  several  days 
a  portion  of  the  baryta  was  titrated.  On  allowing  the  remainder  to 
stand  for  another  day,  no  difference  in  the  titration  was  detected.  An 
insoluble  residue  remained  in  the  vessel  after  completion  of  the 
saponification,  but  this  gave  no  nitric  oxide  in  the  nitrometer.  The 
liquid  proved  to  contain  lai-ge  quantities  of  bainum  nitrite. 

In  the  first  experiment,  a  large  excess  of  baryta  Avas  taken,  and  in 
the  second  a  comparatively  small  excess.  The  saponification  equivalent 
found,  was  almost  identical  in  the  two  experiments,  showing  that  the 
reaction  is  not  affected  by  the  excess  of  alkali. 

(i).         (ii). 

Grams  of  nitrocelhilose  used 1  OS         '2'98 

Gram-equivalents  of  bai-yta  present  for  each  grani-mol.  of 

nitrocellulose  378         14'8 

Gram-equivalents  of  bar5'ta  neutralised  by  1  gram-mol.  of 

nitrocellulose  9'5  92 

Thus  the  saponification  equivalent  is  85  per  cent,  in  excess  of  that 
calculated  for  a  nitric  ester  of  the  above  composition. 

,Sapo7iiJication  equivalent  of  nitrogli/cerine. — Nitroglycerine  is  so 
sparingly  soluble  in  water  that  it  could  not  be  brought  completely  into 
solution  befor"e  the  experiments.  Even  the  addition  of  an  equal 
volume  of  methyl  or  ethyl  alcohol  to  the  water  did  not  bring  about 
any  great  increase  in  the  solubility.  The  saponification  takes  place, 
however,  with  considerable  rapidity  in  presence  of  alkali.  For  the 
determination  of  the  saponification  equivalent,  a  weighed,  quantity  was 
treated  with  excess  of  baryta  as  above.  If  only  the  nitroxyl  groups 
entered  into  the  reaction,  each  gram-molecule  of  nitroglycerine  would 
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require  3  gram-equivalents  of  baryta.     In  practice  it  was  found  that 
4"85  gram-equivalents  were  required. 

Grams  of  nitroglycerine  used   0'3085 

Grani-C([uivalents  of  baryta  present  for  each  gram-niol.  of  nitro- 
glycerine           5'47 

Grani-equivaleats  of  baryta  neutralised  by  1  gram-mol.  of  nitro- 
glycerine           4  '85 

Experiments  by  Silberrad,  Phillips  and  Merriman  (J.  Soc.  Ghem. 
Ind.,  1906,  25,  628),  in  which  an  ethereal  solution  of  nitroglycerine 
was  saponified  by  alcoholic  caustic  alkali,  gave  4'23  to  4*45  equivalents 
of  alkali^  for  each  molecule  of  nitroglycerine.  Since,  however,  nitro- 
glycerine is  readily  volatile  in  ether  vapour,  it  is  probable  that  some 
loss  of  ester  occurred  in  this  way. 

Velocity  of  Saponification  of  Gun-cotton  hy  Hydroxyllons. — A  weighed 
quantity  of  a  gun-cotton  containing  12 "5  per  cent,  of  nitrogen, 
corresponding  to  4-82  nitroxyl  groups,  was  suspended  in  a  solution  of 
baryta  and  stirred  continuously.  The  temperature  was  retained  at 
37-8  ±  0-1°  (100°  F.),  this  being  about  the  limit  of  temperature  to 
which  explosives  a,re  liable  to  be  exposed  on  storage.  At  intervals 
the  gun-cotton  was  allowed  to  settle,  and  quantities  of  10  c.c.  of  the 
solution  were  withdrawn  by  a  pipette  through  a  small  piece  of  cloth, 
which  excluded  any  fibres  of  gun-cotton.  The  liquid  was  titrated, 
phenolphthalein  being  used  as  indicator.  The  solution  was  protected, 
as  far  as  possible,  from  the  air  throughout  the  experiment,  and  a 
blank  test  showed  that  the  influence  of  the  carbon  dioxide  of  the  air 
was  negligible, 

Hydrolysis  of  Gun-cotton  hy  Baryta  Solution. 

Percentage  of  nitrogen  in  gun-cotton  =12'5.  Temperature  =37"8°. 
Initial  volume  of  baryta  solution  =  400  c.c.  Quantity  taken  for  each 
titration  =10  c.c. 

1.  Quantity  of  gun-cotton  =  22*10  grams. 


C.c.  of  0-201- 

lornial 

Concentration 

Time  in  hours. 

acid  reijuircd. 

(gram 

equiv.  [ 

0-0 

»-40 

0-189 

1-5 

8-30 

0-167 

4-5 

6-25 

0-126 

5-0 

5-85 

0118 

5-5 

.5-0.5 

0114 

6  0 

5-30 

0-107 

6-5 

4-9.5 

0-100 

7-0 

4-55 

0-091 

7-5 

4-10 

0  08-2 

23-0 

0-1.5 

0-003 

Initial  velocity  =0*0112  gram-equivalciit  per  hour. 
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2.  Quantity  of  gun-cotton  =  20*42  grams. 


C.c.  of  0-201 -nonr 

lal 

Consentratiou  of  baryta 

Time  iu  hours. 

acid  requii 

ed. 

(gram 

equiv.  per  litre.) 

0-0 

4-80 

0-096 

0-5 

4-55 

0-091 

1-0 

4-35 

0-087 

2-0 

4-00 

0  080 

2-5 

3-90 

0-078 

3-5 

3-50 

0-070 

5-0 

2-90 

0-058 

6-0 

2-60 

0-052 

7-0 

2-30 

0-046 

Initial  velocity  =0  0071  gram-equivaleut  per  hour. 


3.  Quantity  of  gun-cotton    =  4-97  grams. 


9-5 

9-3 

9-2 

9-1 

9-0 

8-6 

8-25 

7-95 

7-65 

3-15 

2-90 

2-70 

2-45 

2-05 

1-85 

1-70 


191 
187 
185 
183 
181 
172 
166 
160 
154 
063 
058 
054 
049 
041 
037 
034 


Initial  velocity  =0-0053  gram-equivalent  per  hour. 


4.   Quantity  of  gun-cotton   =  3-10 


0-0 

10 

1-5 

3-0 

4-5 

6-0 

22-0 

25  0 

30-0 

46-0 


grams. 

0 

197 

0 

194 

0 

189 

0 

185 

0 

181 

0 

177 

0 

105 

0 

092 

0 

078 

0 

049 

Initial  velocity  =  0-0033  gram-equivalent  per  hour. 

These  results  are  shown  graphically  in  Fig.  1,  and  it  is  seen  that 
the  curves  are  almost  straight,  showing  that  the  velocity  is  almost 
constant  until  the  bulk  of  the  gun-cotton  is  used  up. 

A  comparison  of  the  first  two  experiments  given  above  shows  that 
the  velocity  of  saponification  is  almost  proportional  to  the  original 
concentration    of    the    baryta.     No    such    simple    relationship   exists 
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between  the  amount  of  gun-cotton  pi'esent  and  the  velocity.  If 
diffusion  took  place  sufficiently  rapidly  to  keep  the  solution  saturated 
with  respect  to  the  gun-cotton,  the  active  mass  of  the  nitrocellulose 
could  be  considered  as  constant,  and  the  velocity  would  not  be  affected 
by  the  quantity  of  gun-cotton  present. 

This  holds  good  approximately  (though  not  absolutely)  in  the  experi- 
ments given  later  in  which  hydrolysis  of  gun-cotton  by  nitric  acid  was 
measured,  since  the  reaction  in  this  case  is  extremely  slow.  In  the 
above  experiments,  howevei-,  the  hydrolysis  occurs  so  rapidly  that  the 
solution  can  never  be  regarded  as  fully  saturated  Avith  nitrocellulose, 
and  hence  the  amount  of  surface  exposed  becomes  an  important 
factor. 

If  the  amount   of  surface  of  the  gun-cotton  were  the  only  factor 


Fig.  1. 
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which  determined  its  active  mass,  we  should  expect  the  velocity  to  be 
proportional  to  the  quantity  of  gun-cotton.  This  also  does  not  hold 
absolutely ;  the  velocities  show  that  the  active  mass  of  the  gun-cotton 
is  neither  a  constant,  nor  is  it  proportional  to  the  quantity  added,  but 
lies  somewhere  between  the  two,  its  value  depending  on  the  rate  with 
which  the  nitrocellulose  passes  into  solution,  and  the  degree  of 
saturation  wliich  is  thereby  maintained.  If  wo  consider  the  saponifica- 
tion of  varying  amounts  of  gun-cotton  in  a  normal  solution  of  alkali, 
an  equilibrium  is  obviously  reached  when  the  rate  at  which  the  nitro- 
cellulose passes  into  solution  is  equal  to  the  rate  at  which  it  undergoes 
saponification.  If  we  consider  the  water  as  partially  saturated  with 
free  nitrocellulose,  we  may  assume  that  the  rate  at  which  solid  iiitro- 
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cellulose  is  passing  into  solution  at  any  moment  is  proportional  (I)  to 
the  amount  of  surface  exposed,  that  is,  to  the  quantity  of  gun-cotton 
present,  (2)  to  the  difference  between  the  amount  of  gun-cotton  present 
in  solution  and  the  amount  necessary  to  saturate  the  aqueous  solution. 
This  is,  in  its  turn,  proportional  to  the  difference  between  the 
observed  velocity  and  the  limiting  velocity  which  would  result  if  the 
solution  were  kept  saturated  with  respect  to  the  gun-cotton — that  is, 
supposing  that  the  saponification  commences  with  the  elimination  of 
one  of  the  nitroxyl  groups.  Thus  the  relation  between  the  velocity 
and  the  quantities  of  the  reagents  may  be  expressed  by  the  equation 
q  {s  -  v)  =  kv,  where  q  =  weight  of  gun-cotton  (grams  per  400  c.c), 
v  =  observed  velocity,  s  =  limiting  velocity  for  a  solution  saturated 
with  gun-cotton,  and  k  =  a,  constant.  Further,  since  the  velocity 
is  proportional  to  the    concentration  of    the    baryta,    we    may   write 

V  =  7 ,  c  being  the  concentration  of  the  baryta. 

k  +  q  °  •' 

From  the  above  data  we  find  that  under  the  present  conditions 
s  —  0'168,  k  =  26'5.  From  these  we  calculate  the  following 
velocities,  which  agree  closely  with  those  found  by  experiment. 


Saponification  of  Nitrocellulose  hy  Baryta  at  37"  8°. 

Velocity  (gram-equiv.  per  lionr). 


Grams  of 

Concentration 

f 

gun-cotton. 

of  baryta. 

F=  cqsjk  -f  q. 

Found. 

3-10 

0-197 

0-0035 

0-0033 

497 

0-191 

0-0051 

0-0053 

20-42 

0-096 

0-0070 

0-0071 

22-10 

0-189 

0-0144 

0-0142 

0-00 

1-000 

0-168 

— 

The  chief  value  of  this  formula  is  that  it  enables  us  to  calculate  the 
velocity  with  which  the  saponification  would  occur  if  the  solution 
remained  continuously  saturated  with  respect  to  the  gun-cotton.  In  a 
normal  solution  this  becomes  equal  to  s.  This  is  of  importance, 
because  it  corresponds  most  closely  to  the  conditions  under  which  the 
slow  hydrolysis  occurs  in  practice. 

Abnormality  in  the  course  of  the  Saponification. — In  the  curves  showing 
the  decrease  in  the  concentration  of  the  baryta  during  the  saponifica- 
tion, the  velocity  is  seen  to  be  approximately  constant.  It  must  not, 
however,  be  overlooked  that,  as  the  liquid  is  withdrawn  from  time  to 
time  with  the  pipette,  the  "concentration"  of  the  gun-cotton  in  the 
remaining  liquid  increases.  With  the  help  of  the  relation  between  the 
quantities  of  the  reagents  and  the  velocity,  found  above,  it  is  possible 
to  ascertain  whether  the  saponification  takes  place  normally  through- 
out.    The  first  of  the  above  series  will  serve  as  an  example.     The  con- 
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centration  of  baryta  after  each  interval  is 
quantity  of  gun-cotton  is  given  in  "  grams  per 
increase  in  concentration. 


given    as  before.     The 
400  c.c."  to  allow  for  the 


Grams  of 

Velocity 

Concen- 

Volume  of 

gun-cotton 

calculated 

Time 

traticn  of 

solution 

per  400 

from  con- 

Velocity 

in  hours. 

baryta. 

in  c.c. 

c.c.  of  .solution. 

centrations. 

found. 

0-0 

0-189 

400 

22-1 

00144 

0-0147 

1-5 

0167 

390 

22-1 

0-0128 

0-0147 

4-5 

0-126 

380 

21-7 

0-0095 

0-0140 

5  0 

0-118 

370 

22-2 

0-0090 

0-0142 

5-5 

0-114 

360 

22-6 

00088 

0-0137 

6-0 

0-107 

350 

23-1 

0-0084 

0-0137 

6-5 

0-100 

340 

23-6 

0-0079 

0-0137 

7-0 

0-091 

330 

24-1 

0  0073 

00140 

7-5 

0-08-2 

320 

24-6 

0-0066 

0  0143 

The  velocity  is  thus  seen  to  be  normal  at  first,  but  does  not  decrease, 
as  would  be  expected  from  mass  action  considerations,  showing  that, 
as  the  reaction  proceeds,  intermediate  products  are  formed  which  are 
also  acted  on  by  the  baryta.  The  remaining  series  of  results  gives 
precisely  similar  indications. 

Insolubility  of  the  Intermediate  Products. — A  gun-cotton  containing 
12-84  per  cent,  of  nitrogen  (corresponding  approximately  to  penta- 
nitrate)  was  suspended  in  a  baryta  solution  as  above,  and  retained  at 
39°  with  constant  agitation  until  a  considerable  amount  of  saponifica- 
tion had  occurred.  The  solution  was  then  rapidly  filtered  and  the 
filtrate  replaced  in  the  thermostat ;  the  titrations  were  continued  at 
intervals,  but  only  a  very  slight  decrease  in  the  alkalinity  was 
observed,  this  being  probably  due  to  traces  of  finely  divided  gun-cotton 
which  passed  through  the  filter  paper. 


C.c.  of  0-2027  normal 

Concentration  of 

Time 

Volume 

acid  required  for 

baryta  (gram- 

in  hours. 

of  solution. 

10  c.c.  of  solution. 

equiv.  per  litre). 

10  grams 

to 

un 

-cotton.     400 

C.C.  baryta  solution. 

Temp.  =  39°. 

0 

400 

9-85 

0-200 

1 

390 

9-60 

0-195 

2 

380 

9-25 

0183 

4 

370 

9-05 

0-183 

23^ 

340 

3-60 

0-073 

Filterf 

d 

off 

solid  giin-cotton 

and  replaced  filtrate  in 

thermostat. 

24i 

328 

3-45 

0-070 

26 

318 

3-35 

0  06S 

30 

308 

3-30 

0-067 

48i 

298 

3-25 

0-066 

Further  experiments  wei'e  carried  out,  in  which  a  solution  of  baryta 
was  treated  with  excess  of  nitrocellulose,  and  the  reaction  allowed  to 
proceed  for  a  considerable  time,  to  ascertain  whether  the  intermediate 
products  of  the  saponification  would  continue  to  decompose  after  the 
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baryta  was  exhausted, 
days  at  39^. 


No  acidity  set  in,  however,  even  after  twelve 


Velocity  of  Hydrolysis  of  Gun-cotton  hy  Hydrogen  Ions. 

The  hydrolysis  is  so  much  slower  in  acid  than  in  alkaline  solution 
that  it  was  found  necessary  to  enclose  the  acid  and  gun-cotton  in 
stoppered  bottles  to  avoid  evaporation.  The  bottles  were  enclosed  in 
a  thermostat  and  agitated  frequently.  From  time  to  time  quantities 
of  10  CO.  were  withdrawn  and  titrated  with  baryta. 

Hy  h'olysis  of  Gun-cotton  hy  Nitric  Acid. 

Percentage  of  nitrogen  in  gun-cotton  =  12*5,  temperature  =  37 '8°. 

1.  Quantity  of  gun-cotton  =  5*1  grams. 


C.c 

of  0-2139 

Concentration  of 

normal  alkali 

nitric  acid 

Time  in  liours. 

for  10 

c.c.  of  liquid. 

(gram-equiv.  per  litre) 

0 

38-40 

0-821 

22 

38-50 

0-824 

45 

38-85 

0-831 

70 

38-90 

0-832 

94 

39-05 

0-835 

144 

39-45 

0-844 

168 

39-75 

0-850 

1P2 

40-10 

0-858 

240 

40-55 

0-867 

Initial  velocity  =0'000175  giam-eqiiivaleut  \)ev  hour. 


2.  Quantity  of  gun-cotton  =  10  grams. 


0 
22 
45 
70 

94 
144 
168 
192 
240 


38-40 
38-60 
38-90 
,39-00 
39-25 
39-75 
40-05 
40-55 
40-85 


821 
826 
832 
834 
840 
850 
857 
867 
874 


Initial  velocity  =0-000221  gram-equivalent  per  hour. 


3.  Quantity  of  gun-cotton  =  20-35  grams. 


0 

22 

45 

70 

94 

144 

168 

192 

240 


38-40 
38-80 
39-05 
39-20 
39-55 
39-95 
40  15 
40-70 
41-10 


821 
830 
£35 
838 
846 
855 
859 
871 


Initial  velocity  =0-000212  gram-equivalent  per  hour. 
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The  velocities  are  constant  within  the  limits  of  experimental  error. 
If  the  relation  between  the  velocity  of  reaction  and  the  concentrations 

of  the  reagents  be  expressed   as  before  by  the  formula  F=^  -  ,  we 

k  +  q 

find  5  =  0-000347;  A;  =  3-21. 


Grams  of  Concentration  of 


Velocity  (gram-equiv.  per  hour). 


gun-cotton.  nitric  acid.  J''=cqs/k  +  q.  Found. 

5-10                         0-821                         0-00018  0-00018 

10-00                         0-821                         0-000-22  0-00021 

20-35                         0-821                         0-00025  0-00024 

0-00                         1-000                         0-000347  — 

The  gun-cotton  was  decomposed  so  slowly  that  the  aqueous  solution 
remained  almost  saturated. 

Hydrolysis  of  Nitrocelhdose  in  Pure  Water.— Yvova.  the  above  data 
the  velocity  of  hydrolysis  of  nitrocellulose  in  pure  water  can  be 
calculated.  This  velocity  is  so  low  that  it  must  be  assumed  that 
perfect  diffusion  takes  place  — that  is,  the  water  remains  saturated  with 
gun-cotton.  With  the  aid  of  the  above  formulae  it  was  found  possible 
to  calculate  the  velocity  of  hydrolysis  by  hydrogen-  and  hydroxyl- 
ions  respectively,  allowing  for  perfect  diffusion  of  the  nitrocellulose. 
In  this  way  the  following  velocities  are  obtained  : 

Velocity  in  gram-equivalents 
per  litre  per  hour. 

In  a  normal  solution  of  hydrogen  ions 0-00087 

hydroxyl    „    0-420 

The  dissociation  of  pure  water  has  been  determined  with  consider- 
able accuracy  by  Ostwald,  Arrhenius,  Wijs,  Nernst,  Kohlrausch  and 
Heydweiller,  Lbwenherz,  and  Walker  {^Zeit.  <physikal.  Chem.,  1893, 
11,  521,  827;  12,  514;  1894,  14,  155,  317;  1896,  20,  283;  1900, 
32,  137).  At  37-8°,  the  temperature  of  the  above  experiments,  the 
product  of  the  concentrations  of  the  hydrogen-  and  hydroxyl-ions  may 
be  taken  as  2-9  x  IQ-i^ 

It  is  seen  that  the  hydrolysis  of  nitrocellulose  takes  place  480  times 
as  rapidly  in  alkali  as  in  acid  of  the  same  concentration ;  hence  the 
minimum  velocity  will  be  attained  when  the  concentration  of  the 
hydrogen  ions  is  480  times  that  of  the  hydroxyl  ions. 

The  absolute  concentrations  will  then  be 

H-ions:    ^480  x  1-7  x  10-7  =  3-7  x  lO"''. 

OH-ions:  ,/—- x  1-7  x  10-7  =  7-8  x  10~^ 

V   480 

Under  these  conditions  the  velocity  due  to  the  hydrogen  ions  will 
be  3-2  X  10"^,  and  the  combined  velocity  will  therefore  bo  6-4  x  10"'^ 
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gram-equivalents  per  litre  per  hour.  In  other  words,  the  minimum 
velocity  vpith  which  a  nitrocellulose  of  the  above  composition  can 
undergo  hydrolysis  will  be  such  as  to  liberate  56x10"^  gram- 
equivalents  of  acid  per  litre  of  water  per  year. 

Hydrolysis   of    Gelatinised    Nitrocellulose. — In    order    to    ascertain 
whether  gelatinised  nitrocellulose  still  undergoes  a  similar  hydrolysis, 


Fig.  2. 
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Hydrolysis  of  gelatinised  poicdcrs. 


60 


a  sample  was  finely  ground  and  suspended  in  baryta  water.  The 
saponification  took  place  in  very  much  the  same  way  as  in  the  case  of 
gun-cotton,  as  shown  by  the  following  instance  : 


Nitrocellulose  gelatinised  with  ether-alcohol. 

Analysis  :  Soluble  in  ether-alcohol 85'58 

Insoluble            „ 10*  18 

Insoluble  in  acetone   0'42 

Volatile  matter  3'82 

Nitrogen 11  -85 

Ground  to  pass  through  a  sieve  of  0*85  mm.  mesh. 

Quantity  of  nitrocellulose  =  10*00  grams. 
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Concentration  of 

Time 

Volume  of 

C.c. 

of  0-2027 

baryta  (gram- 

in  hours. 

solution. 

normal 

acid  requu-ed. 

equiv.  per  litre). 

).   In  0 

200 

normal  baryta  : 

0 

400 

9-85 

0-200 

5 

360 

9-70 

0-197 

6 

350 

9-60 

0  195 

23-5 

340 

8-40 

0-170 

26 

330 

8-25 

0-167 

30 

320 

7-85 

0-159 

48-5 

310 

6-45 

0-130 

54-5 

300 

5-90 

0  120 

72 

290 

4-80 

0-C97 

119-5 

280 

2-25 

0-046 

Mean  velocity  =0-00143  giam-equivalent  per  hour. 


(ii).   In  0-21G  normal  baryta 


0 

4 

5 

21 

27 

30 

48 

54 

123 


400 
370 
360 
350 
340 
330 
3-20 
SIO 
300 


12-15 

12-00 

11-90 

10-35 

10-05 

9  75 

8-20 

7-80 

3-95 


0-246 
0-243 
0  241 
0  210 


•204 
-198 
166 
•]58 
-080 


Mean  velocity  =  0-00163  gram-equivalent  per  hour. 


The  velocity  in  the  two  experiments  is  thus  seen  to  be  approximately 
proportional  to  the  concentration  of  the  baryta. 

Velocitij  of  scqjonijication  of  nitroglycerine. — The  nitroglycerine  was 
suspended  in  100  c.c.  of  baryta  water,  which  was  continuously  agitated. 
From  time  to  time,  quantities  of  10  c.c.  were  withdrawn  and  titrated, 
cai'e  being  taken  not  to  absti'act  any  of  the  nitroglycerine. 


Hydrolysis  of  Nitroglycerine  thy  Baryta  Solution. — Temp.  =  30° 
Quantity  of  nitroglycerine  =  0 '6670  gi-am.  Initial  volume  of  solu- 
tion =  100  c.c. 


Concentration  of 

Time 

Volume  of 

C 

c. 

of  0-09 

-0 

1 

aryta  (gram- 

in  hiiurs. 

solution. 

norm 

al 

aciil  re( 

uiied. 

e<i 

uiv.  i)er  litre). 

0 

100 

8-35 

0-OSlO 

1 

90 

7-05 

0-0()81 

2 

SO 

0-25 

o-0()Ot; 

3 

70 

5-1 

O-OJ'.t') 

4 

60 

3-6 

0  0:M9 

5-5 

50 

0-2 

0-0019 

The  course  of  the  saponification   is  shown  in  Fig.  1,  and  the  velocity 
is  seen  to  be  much  "reater  than  that  found  in  the  ca.se  of  ffun-cottou. 
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On  further  standing  the  solution  became  neutral,  but  no  acid  reaction 
set  in  even  after  several  days. 

Hydrolysis  of  explosives  containing  both  nitrocellulose  and  nitro- 
glycerine.— Cordites  and  ballii-tites  were  taken  for  these  experiments. 
They  were  ground  and  passed  through  a  sieve  of  0'85  mm.  mesh,  and 
10  grams  were  taken  for  the  hydrolysis,  which  was  carried  out  at  39° 

1.   Cordite  No.  181. 

Composition  :  Nitrocellulose  (N=  12-75  per  cent.)  36-26  per  cent. 

Nitroglycerine  58-85       ,, 

Mineral  jelly 4-76       ,, 

Moistui'e  and  acetone    0  13       ,, 

Conceiitratiou  of 
Time  Vohuue  of  C.c.  of  0-20'27  baryta  (grain- 

iu  hours.  solution.  normal  acid  required.  equiv.  per  litre). 

0  400  8-90  0-180 

1  390  7-20  0-146 

3  380  5-55  0-113 

4  370  4-95  0-100 
27  340  1-75  0-036 
47  320  0-65  0013 
54  310  0-40  0008 


2.  Cordite  No.  202. 

Composition  :  Nitrocellulose  (N  —  12-85  per  cent.)...  37  per  cent. 

Nitroglycerine    58       „ 

Mineral  jelly 5       ,, 

0  400             9-^0  0-191 

1  390             6-70  0-136 

2  380  5-80  0-118 
3-5  370  5-10  0-103 
5  360  4-65  0-094 
6-5            350             4-15  0-084 


3.  Ballistite. 

Composition  :  Nitrocellulose  (N  =  1 1  -36  per  cent.)  50-95  per  cent. 

Nitroglycerine 49-05       „ 

0  400            11-40  0-231 

1  390  10-25  0-208 
24  350  5-70  0-116 
27  340  5-30  0-107 
30  330  4-90  0-099 
47  320  3-80  0-077 
54             310             3-45  0-070 

123             300             1-75  0-036 
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An  analysis  of  the  insoluble  cordite  which  remained  in  the  baryta 
after  the  saponification  of  cordite  No.  202  had  proceeded  for  some 
time  showed  that  the  hydrolysis  was  due  almost  entirely  to  nitro- 
glycerine which  had  passed  out  of  the  powder  into  the  aqueous 
solution. 

The  residue  was  dried  at  the  ordinary  temperature  over  sulphuric 
acid  under  diminished  pressux-e.  It  was  found  to  weigh  5  "78 11  grams, 
and  gave  on  analysis  : 

Nitroglycerine,  29'32  ;  nitrocellulose,  62'21  per  cent. 
Nitrogen  in  nitrocellulose,  12'99  per  cent. 
Total  uiti'ogen,  calculated  from  ingredients,  13'51  per  cent. 

Found  lo-46 

If  the  quantities  of  the  different  ingredients  be  compared  before  and 
after  the  saponification,  the  following  figures  are  obtained  ; 

Before  After 
saponification .     saponification. 

Weight  of  explosive  (grams)  10*00  5"78 

Percentage  of  nitroglycerine 58  29'32 

„  nitrocellulose    37  62-21 

,,  mineral  jelly     5  8'47 

Weight  of  nitroglycerine     5*80  1*70 

,,       nitrocellulose      3"70  3"60 

mineral  jelly  0-50  0-49 

Thus  it  is  seen  that  the  nitrocellulose  remained  almost  unaltered, 
whilst  70  per  cent,  of  the  nitroglycerine  underwent  hydrolysis. 

Our  thanks  are  due  to  the  Explosives  Committee  and  to  the  Director 
of  Artillery  for  permission  to  publish  these  results,  and  to  Mr.  E.  L. 
Lomax  for  his  assistance  in  the  work. 

ClIKMICAL   RUSEAUCII    LaBORATOIUE.S, 
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CLXXII. — Contributions  to  the  Tlieory  of  Solutions. 
I.  The  Nature  of  the  Molecular  Arrangeme^it  in 
Aqueous  Mixtures  of  the  Loiver  Alcohols  and  Acids 
of  the  Paraffin  Series.  11.  Molecidar  Complexity 
in  the  Liquid  State.  III.  Theory  of  the  Inter- 
miscibility  of  Liquids. 

By  John  Holmes. 

When  two  liquids  which  are  miscible  or  partially  miscible  ara 
allowed  to  intermingle,  the  volume  of  the  mixture  is  invariably 
different  from  the  sum  of  the  initial  volumes  of  its  constituents. 
In  some  cases,  as  for  instance  when  suljDhuric  acid  or  ethyl  alcohol 
is  mixed  with  water,  a  considerable  contraction  in  volume  occurs, 
whilst  on  the  other  hand  when  carbon  disulphide  is  mixed  with 
chloroform  or  ethyl  alcohol,  a  small  but  appreciable  expansion  is 
obtained.  Neither  the  specific  volumes,  therefore,  nor  the  other 
physical  properties  of  a  mixtvire  can  be  strictly  classed  as  additive 
functions  of  the  pi'operties  of  the  constituents,  the  only  additive 
property  being,  according  to  the  law  of  the  indestructibility  of 
matter,  that  of  ''  mass." 

With  a  view  to  ascertaining  whether  the  deviations  observed  in 
the  simple  additive  relations  of  liquids  would  throw  any  light  on 
their  molecular  conditions,  the  differences  in  volume  which  occur 
on  mixing  the  lower  alcohols  and  acids  of  the  paraffin  series  with 
water    were  calculated  from  already  available  data. 

(1)    Mixtures  of  the  Loiver  Primary  Alcohols  with    Water. 

Graham  (Phil.  Trans.,  1861,  151,  373)  pointed  out  that  when 
ethyl  alcohol  and  water  are  mixed  together,  the  contraction  in 
volume,  when  calculated  as  a  percentage  on  the  initial  volumes, 
reaches  a  maximum  at  a  point  I'epresenting  an  admixture  of  one 
molecule  of  alcohol  with  three  molecules  of  water.  Mendeleeff 
(Trans.,  1887,  51,  778)  states  that  the  first  differentials  of  the 
densities  of  these  mixtures  form  a  rectilinear  figure  showing  three 
distinct  breaks  or  transition  points,  one  of  which  occurs  when  the 
constituents  are  mixed  in  the  above  proportions,  viz.,  C.,HyO,3H20, 
whilst  others  occur  at  mixtures  represented  by  SCoHgOjHgO  and 
CoK|.0,12HoO  respectively.  From  his  observations  on  the  behaviour 
of  these  and  other  aqueous  mixtures,  Mendeleeff  put  forward  the 
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hypothesis  that  the  specific  gravities  depend  on  the  extent  to 
which  definite  hydrates  are  produced  and  dissociated. 

The  following  calculations  were  made  in  the  case  of  ethyl  alcohol 
and  water,  using  Mendeleeff's  data  for  the  specific  gravities  of 
these  mixtures  (Aim.  Phys.  Chem.,  1869,  ii,  138,  230). 

Column  I.  gives  the  molecvxlar  ^jroportions,  referred  to  the  gaseous 
state,  in  which  the  alcohol  and  water  are  mixed. 

Column  II.  gives  the  actual  contraction  in  e.c.  when  the  volume 
of  alcohol  is  kept  constant  at  100  c.c. 

Column  III.  gives  the  contraction  calculated  as  a  percentage 
on  the  initial  volumes. 

Column  IV.  gives  the  difference  between  the  percentage  of  alcohol 
by  volume  in  the  mixture  and  the  theoretical  percentage,  assuming 
that  no  contraction  occurs  on  mixing. 


Volumes  corrected   to  15"56°. 

I.                                       II.  III.  IV. 

12C2H60,HoO  0-55  c.c.  0-54  053 

llCoHeO,H^O  0-60    ,,  0-59  0-57 

lOCaHgO.HaO  0-6G    ,,  0-64  0-62 

9C2HbO,HoO     0-73    ,,  0-70  0-69 

8C2H60,H;0     0-81    ,,  0-78  076 

7C2H60,H20     0-91    ,,  0-87  0-84 

eCaHeO.H.^O     1-04    „  0-99  0-95 

SCaHeO.HoO     1-21    ,,  114  1-08 

4C2H60,H20     1-45    ,,  1-34  126 

3C2H60,H20     1-80    „  1-63  1-51 

2CoH60,H20     2-41    ,,  2-09  1-85 

CoHe^^.HgO  3-79    ,,  2-89  2-27 

C^HeCUHoO  4-34    ,,  3-13  2-83 

OaHeO.liHoO  4-84    ,,  330  2-32 

CHeO.lfHsO 5-28    ,,  3-42  2-30 

G;;H60,2H,0     5-69    ,,  3-51  2-24 

aHeO.SHsO     7-03    ,,  364  1-95 

C.;H60,4H20     7-94    „  3-54  1-64 

C:;HbO,5H20     8-52    ,,  3-34  1-35 

C.;HgO,6H20     8-87    „  3-09  I'll 

OIHbO,7H20     9-02    „  2-84  0-92 

C;HcO,8H„0     9-08    ,,  2-61  077 

C2H80,9H^O     9-07    „  2-39  6-64 

C2H6O,10H2O  8-99    ,,  2-19  0-55 

G.jHbO,11H20  8-89    „  2-02  0-47 

C2HoO,12H20  878    „  1-86  040 

O2H«O,20H.,O  7-88    „  109  015 

C2H«O,40H.;O  679    „  0-54  0-04 

G2HbO,80H.';O  5-96    „  0-23  0-01 

GjHuO,320Il2O     5-30    ,,  0-05                      — 

It  appears  from  column  II.  that  the  effect  of  each  additional 
water  molecule  as  regards  contraction,  gradually  diminishes  until 
the  molecules  are  present  in  the  proportion  to  form  the  aggregate 
CjHgOjSHgO,    when    the    contraction    reaches    a    maximum.     The 

further  addition   of    water   results   in  a   diminishing   contraction, 
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which  when  320  molecules  have  been  added,  representing  a  mixture 
containing  less  than  one  per  cent,  of  alcohol,  has  not  been  reduced 
by  one  half,  and  is  still  greater  than  that  obtained  by  mixing  the 
molecules  in  equal  proportions.  Cokimn  III.  shows  that  the 
maximum  percentage  contraction  occurs  when  the  ingredients  are 
mixed  in  the  proportion  to  form  CgHgO.SHgO  (Mendeleeff's 
hydrate),  whilst  from  column  IV.  the  greatest  difference  between 
the  percentage  of  alcohol  (by  volume)  in  the  mixture  and  the 
theoretical  percentage  assuming  no  contraction  occurs  very  near  an 
admixture  of  equal  proportions  of  molecules. 

Similar  calculations  were  made  in  the  case  of  methyl  alcohol  and 
water  from  Dittmar  and  Fawsitt's  data  {Trans.  Roy.  Soc.  Edi?i., 
1888,  33,  509),  and  in  the  case  of  7i-propyl  alcohol  and  water 
from  data  supplied  by  Young  and  Fortey  (Ttans.,  1902,  81,  726) 
and  Pagliani  (Nuovo  Cim-.,  1882,  iii,  12,  229). 

The  chief  facts  in  connexion  with  the  contractions  of  these 
three  primary  alcohols  and  water  are  as  follows  :  — ■ 

Point  at  which  Point  at  which 
the  greatest  the  greatest 

Ratio  coiitnictioii  in  difference 

of  the  mole-      volnme  occurs  Point  at  which  occurs  between 

cular  volumes  when  increasing      the  maximum  the  theoretical 

to  that  of           quantities  percentage  contrac-             and  ob- 

water  as  unity         of  water  tion  occurs,  when  served  percent- 

at  the  same        are  added  to  calculated  on  the  ages  of  alcohol 

Alcohol.        temperature.    100  c.c.  alcohol,  initial  volumes.             by  volume. 

Methyl  alcohol...       2-23             CHp.SHoO  2CH40,3H„0             CH40,H.O 

Etliyl        „       ...       3-22            C2H«0,8H.p  C.,H,A3H;0             C.HgOjlH.^O 

H-Propyl   ,,       ...       4-07            C.HgO.lSH.O  CsHgO.GH^O             C3H80,HH20 

It  is  evident  from  a  study  of  these  mixtures  that  the  maxima 
are  directly  dependent  on  the  relative  volumes  occupied  by  the 
respective  molecules,  and  that  the  actual,  as  well  as  the  percentage, 
contractions  are  merely  mathematical  deductions  influenced  on  the 
one  hand  by  the  attractive  forces  in  play  between  the  molecules 
which  determine  the  degree  of  contraction  at  mixtures  of  equal 
molecular  volumes,  and  on  the  other  by  differences  in  specific 
gravity. 

The  dii'ect  dependence  of  these  maxima  on  the  I'elative  molecular 
vohimes  must  necessarily  afford  evidence  in  the  study  of  the  aggre- 
gations of  molecules  in  the  liquid  state.  Eotvos  {Ann.  Phys.  Chem., 
1886,27,452),  and  more  recently  Ramsay  and  Shields  {Phil.  Trans., 
1893,  184,  647)  have  concluded  from  the  rate  of  change  of 
molecular  svirface  energy  with  temperature  that  the  above  alcohols 
contain  such  aggregates.  Whatever  may  be  the  complexity  of  the 
liquid  molecule,  however,  in  any  particular  instance,  and  whether 
we  look  on  it  as  consisting  wholly  or  partially  of  matter  or  energy, 
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we  may  assume,  as  regards  its  general  character,  that  its  free  path 
is  bounded  by  a  spherical  surface,  the  radius  of  which  is  constant 
for  any  molecule  of  the  same  substance  at  constant  temperature 
and  pressure.  If  two  sets  of  molecules,  therefore,  are  mixed 
together,  one  of  which  has  an  attraction  for  the  other,  but  not 
sufficient  to  cause  the  loss  of  its  own  individviality  and  form  a  new 
compound,  we  can  treat  them  in  the  same  way  as  a  mixture  of 
electrically  charged  inelastic  sf)heres,  the  volume  of  which  is  always 
different  from  the  sum  of  the  initial  volumes. 

Thus  the  addition  of  the  relatively  smaller  water  molecules  to 
a  fixed  number  of  alcohol  molecules  will  result  in  an  increasing 
contraction,  as  each  water  molecule  fits  into  the  intramolecular 
spaces  between  the  larger  alcohol  molecules,  until  approximately 
an  equal  number  of  molecules  is  present.  Near  this  point  the 
influence  of  contraction  will  reach  a  maximum  as  regards  the  pro- 
portions of  the  relatively  larger  alcohol  molecules  in  the  initial  and 
final  volumes.  In  the  case  of  an  infinite  number  of  molecules,  the 
actual  point  of  maximum  difference  must  depend  on  the  difference 
in  the  radii  of  the  two  influential  spheres,  and  the  nearer  this  ratio 
approaches  unity,  the  nearer  will  the  maximum  difference  in 
volumes  approach  an  admixture  of  equal  molecular  volumes.  We 
have  already  seen  that  in  the  case  of  mixtures  of  the  above 
alcohols  with  water,  the  specific  gravities  of  which  may  be  regarded 
as  known  within  a  very  close  approximation  to  accuracy,  this  point 
gradually  recedes  from  the  admixture  of  equal  proportions  of  the 
molecules  as  the  molecular  volume  increases.  The  further  addition 
of  water  causes  a  rearrangement  in  the  relative  positions  of  the 
molecules,  and  instead  of  the  two  being  symmetrically  placed  in 
adjacent  positions,  the  water  molecules  now  so  arrange  themselves 
as  to  surround  completely  each  molecule  of  alcohol,  the  effect  of 
each  on  the  contraction  diminishing  with  the  dilution. 

Now  the  results  of  Ramsay  and  Shields's  observations  in  the  case 
of  the  primary  alcohols  indicate  that  methyl  alcohol  is  the  most 
complex,  and  that  the  complexity  diminishes  as  the  series  is 
ascended.  If  this  is  so  it  is  inconceivable,  assuming  that  the 
contractions  are  functions  of  the  difference  in  molecular  volumes, 
that  the  pivot,  as  it  were,  of  the  observed  contractions  of  each  of 
the  alcohols  with  water  should  be  the  admixture  of  equal  propor- 
tions of  the  molecules,  as  referred  to  the  gaseous  state.  It  would 
appear,  therefore,  as  though  the  molecules  of  the  above  alcohols 
and  water  are  either  similar  to  their  gaseous  molecules,  or,  if 
aggregated,  the  degree  of  aggregation  is  the  same  in  each  alcohol 
as  in  water. 

The  phenomenon   of  contraction  is  not   peculiar  to   mixtures   of 
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alcohols  and  water  alone,  but  is  common,  in  some  degree,  to 
almost  all  liquids  miscible  or  partially  miscible  with  water, 
and  appears  to  be  directly  related  to  the  hygroscoj^ic  power  of  a 
svibstance — the  evolution  of  heat  (Young  and  Fortey  in  the  case 
of  the  alcohols,  loc.  cit.)  and  the  degree  of  contraction  increasing 
in  like  proportion. 

In  the  case  of  the  primary  alcohols,  where  the  influence  of  con- 
traction results  in  a  density  which  is  intermediate  between  the 
initial  densities  of  the  constituents  of  the  mixture,  it  is 
found  that  when  the  volume  of  the  constituent  having  the 
least  density  is  made  constant,  the  actual  contraction  reaches 
a  maximum,  and  the  further  addition  of  the  heavier  constituent 
results  in  a  diminishing  contraction.  When,  however,  the  influence 
of  contraction  results  in  a  density  which  is  greater  than  that  of 
either  of  the  constituents,  as  in  the  case  of  mixtures  of  acetic  or 
propionic  acids  with  water,  the  continued  addition  of  the  one  to 
the  other  set  of  molecules  results  in  an  ever  increasing  contraction 
showing  no  indication  of  a  maximum. 

(2)  Mixtures  of  the  Lower  Fatty  Acids  with  Water. 

With  the  exception  of  formic  acid  the  lower  fatty  acids  are 
peculiar,  inasmuch  as  they  form  mixtures  with  water  which  possess 
densities  greater  than  that  of  either  constituent. 

Thus  acetic  acid  has  a  specific  gravity  1"0497  at  20/4°,  whereas 
a  mixture  containing  22  per  cent,  of  v/ater  has  at  the  same 
temperature  a  specific  gi'avity  of  1'0700,  and  this  is  a  maximum 
for  mixtures  of  these  liquids  (Oudemans,  Zeit.  f.  Chem.,  1866,  5, 
452). 

Propionic  acid  has  a  specific  gravity  09902  at  25/25°,  and  a 
maximum  density  (r0250)  occurs  in  aqueous  solutions  at  a  mixture 
containing  493  per  cent,  of  water  (Ludeking,  Ann.  Phys.  Chem., 
1886,27,  74). 

w-Butyric  acid  has  a  specific  gravity  09549  at  25/25°,  and  a 
maximum  (TOOIT)  occurs  at  a  mixture  containing  80"4  per  cent, 
of  water  (Ludeking,  loc.  cit.). 

Formic  acid,  however,  has  a  specific  gravity  1'2213  at  20/4° 
(Richardson,  A^ner.  Chem.  J.,  1897,  19,  149),  and  forms  mixtures 
which  have  densities  intermediate  between  this  and  water;  it 
therefore  follows  the  same  I'ule  as  was  noticed  in  the  case  of  the 
lower  alcohols,  and  affords  a  point  of  maximum  contraction  when 
it  is  mixed  with  water  in  the  proportion  of  (approximately)  one 
molecule  of  water  to  nine  of  acid.  The  remaining  acids,  on  the 
other  hand,  show  increasing  contractions  when  either  the  volume 
of  acid  or  water  is  made  constant. 
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Below  is  given  a  table  of  the  contractions  which  occur  when 
acetic  acid  is  mixed  with  water,  calculated  in  a  similar  manner 
to  those  given  above  in  the  case  of  the  lower  alcohols,  and  it  is  of 
interest  inasmuch  as  the  molecular  volume  of  acetic  acid  (referred 
to  the  gaseous  state)  is  almost  identical  with  that  of  ethyl  alcohol. 
Herein  is  shown  the  effect  of  difference  in  specific  gravity  on  the 
contractions — both  actual  and  percentage  already  referred  to — but 
the  maximum  difference  between  the  theoretical  and  observed  per- 
centages of  acid  (in  column  IV.)  occui's  as  before  at  a  mixture 
representing  approximately  equal  molecular  volumes  of  the  con- 
stituents. 

Columns  I.,  II.,  III.,  and  IV.  have  the  same  significance  as  in 
the  case  of  the  alcohols  and  water. 


Volumes  corrected  to  20°. 


I. 

12aH40„,H„0. 
8(;2H,02,H.,6  . 
402H4O.„H2O  . 
2C„H,0;H.,0  . 

lC,H40.„HoO  . 
CoHArUH.O. 
C2H402,2H.,O  . 
CoH40.,3H:P  . 

CoH^O^SHoO  . 

c;h40.;6h;o  . 
c.,h4o;7h:p  . 

C.,H40;8H„0  . 

c;h,o;,9h;o  . 

C,,H40,;iOH„0. 
C2H40;ilHoO. 
CjH402,12H;0. 
C„H40o.l3H";0. 

C2H40o,15H20. 

CoHjOo.ieHoO. 
CoH40o,321LO. 


II. 


III. 


IV. 


CoH40.,64H.,0 10 

C2H40,,128HoO  10 


•68 
•96 
•63 
•09 
-.34 
•39 
■36 
•13 
•74 
•42 
•17 
•97 
•81 
■69 
•59 
•52 
•45 
•40 
•35 
•32 
•29 
•26 
08 
•02 
•01 


The  contractions  in  the  case  of  formic,  propionic  and  7i-butyric 
acids  are  very  similar  in  character.  It  is,  however,  the  nature  of 
the  contractions  around  the  mixture  of  equal  molecular  volumes 
which  is  of  most  interest,  and  these  arc  set  out  below. 
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Difference  between 
Contraction  the  theoretical 

in  c.c.  when  the  and  observed 

volume  of  acid  is  percentages  of 

Molecular  jiroportion.         constant  at  100  c.c.       acid  by  volume. 

Formic  acid  : 

2H„C0o,H„0    1-48  0-97 

liII,c02,HoO 1-93  1-12 

H,C6„,HoO  2-66  1-24 

H„'CO;UH„0 3-24  1-12 

H2C02,2H26    3-79  l-Ql 

Propionic  acid : 

2C3HfiO.„H,0  1-73  1-40 

liC.,H66o,H.,0 2-46  1-80 

CaHgCHoO" 3-02  2-00 

CsHgCliHoO 3-59  1-99 

C3H602,2H26  4-03  1-89 

n-Butyric  acid : 

2C4HsOo,H.>0  1-54  1-30 

liC^HgO.^HaO 1-83  1-42 

C4HsO.,H.0 2-27  1-62 

C4H80.",UHoO 2-65  1-61 

C4H802,2Ho6  2-96  1-56 

It  is  seen,  therefore,  that,  as  in  the  case  of  the  lower  alcohols, 
the  greatest  difference  between  the  percentage  of  acid  in  the  con- 
tracted volumes  and  the  theoretical  percentage,  assuming  no  con- 
traction, occurs  approximately  at  the  point  representing  an 
admixture  of  equal  molecular  volumes. 

These  facts  are  only  open  to  one  interpretation,  if  we  assume 
that  the  free  path  of  a  liquid  molecule  can  be  represented  by  a 
spherical  surface.  For,  inasmuch  as  the  weight  of  a  liquid  molecule 
must  be  identical  with,  or  a  simple  multiple  of,  that  of  the  gaseous 
molecule,  it  follows  from  the  theory  of  spheres  enunciated  above 
that  the  molecular  complexities  of  any  mixture  of  molecules  must 
be  given  by  a  comparison  of  the  relative  volumes  which  yield  a 
maximum  difference  between  the  theoretical  and  observed  propor- 
tions of  the  more  active  constituent.  As  we  have  seen  that  this 
maximum  difference  in  the  case  of  both  the  lower  alcohols  and 
fatty  acids  occui's  when  approximately  equal  proportions  of  the 
molecules,  referred  to  the  gaseous  state,  are  mixed  together,  it 
follows  that  the  molecular  complexity  of  water  is  the  same  as  that 
of  each  of  the  above  liqviids,  and  the  existence  of  hydrates  must 
be  excluded  from  the  theory  of  solutions. 
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Molecular  Gonijjlexity  in  the  Liquid  State.. 

Few  aqueous  mixtures  of  organic  liquids  have  been  studied  so 
thoroughly  as  those  of  the  lower  primary  alcohols  and  fatty  acids. 
The  sjDecific  gi'avities  of  mixtures  of  acetone  with  water  are,  how- 
ever, well  known  (McElroy,  A7ner.  Chem.  J.,  1894,  16,  618) 
and  its  molecular  complexity  is  found  to  be  the  same  as  that  of 
water;  on  the  other  hand,  glycerol  (Nicol,  Fliarm.  J.,  1887,  18, 
302),  and  nicotine  (Pribam,  Sitzungsber.  K.  Acad.  Wien,  1897,  lib, 
106,  314)  have  only  one  half  the  aggregation. 

The  beliaviour  of  acetone  in  aqueous  solution  is  important  from 
the  fact  that  its  molecular  volume  is  almost  the  same  as  that 
of  w-propyl  alcohol,  and  the  relative  molecular  weights  and  specific 
gravities  are  not  very  different.  It  was  found  that  although  the 
maximum  difference  between  the  theoretical  and  observed  propor- 
tions of  acetone  by  volume  occurred  at  exactly  the  same  molecular 
mixture  as  was  noticed  in  the  case  of  ?i-propyl  alcohol  and  water, 
proving  that  it  was  similarly  aggregated,  the  degree  of  contraction 
differed  greatly.  The  actual  contraction  at  this  point  in  the  case 
of  acetone  and  water  when  the  volume  of  acetone  is  taken  as  100 
was  found  to  be  4"98  vols.,  whereas  in  the  case  of  ^-propyl  alcohol 
it  was  only  2' 66  vols.  It  is  evident  that  the  attraction  of  acetone 
for  water  is  greater  than  that  of  w-propyl  alcohol,  but  the  fact  also 
proves  that  the  molecular  volume  of  a  liquid  as  determined  from 
its  molecular  weight  and  specific  gravity  does  not  represent  the 
true  mean  spherical  path  of  the  molecule.  In  other  words,  just  as 
the  volumetric  changes  accompanying  the  admixture  of  the  primary 
alcohols,  fatty  acids,  &c.,  with  water  can  only  be  explained  on  the 
supposition  that  there  are  forces  of  attraction  between  the  several 
molecules,  so  it  is  natural  to  expect  that,  as  in  the  case  of  spheres 
similarly  electrified,  molecules  of  the  same  substance  will  repel  each 
other.  The  degree  of  repulsion  between  individual  molecules  would 
thus  vary  with  the  chemical  nature  of  the  substance,  and  go  far  in 
explaining  the  volumetric  changes  in  a  mixture  of  liquids,  such  as 
benzene  and  chlorofoi'm,  the  volume  of  which  after  admixture  is 
greater  than  the  sum  of  the  initial  volumes. 

The  fact  that  the  true  relative  volumes  of  liquid  molecules  are 
unknown  does  not  vitiate  the  conclusions  deduced  from  the  above 
theory  of  spheres  in  regard  to  molecular  complexities,  but  before 
this  theory  can  be  applied  in  a  similar  manner  to  liquids  which 
exhibit  a  force  of  repulsion  inter  se,  it  becomes  necessary  to  know 
on  which  molecule  this  increased  force  of  repulsion  on  mixing 
depends,  or,  in  other  words,  which  is  the  more  active  molecule. 
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We  are  unable,  for  instance,  from  a  study  of  mixtures  of  benzene 
and  chloroform  alone  to  draw  any  definite  conclusions  as  regards 
the  relative  complexities  of  their  molecules  without  knowing  the 
complexity  of  one  constituent  in  the  mixture.  Both  liquids  are. 
however,  miscible  in  all  propoiiiions  with  ethyl  ether,  and  a  con- 
traction in  volume  then  occurs  which  is  different  in  degree  in  each 
case.  From  the  specific  gravities  of  mixtures  of  ethyl  ether  and 
chloroform  (Thorpe  and  Rodger,  Trans.,  1897,  71,  360)  it  is 
found  that  the  greatest  difference  between  the  theoretical  and 
observed  percentages  of  chloroform  by  volume  occurs  when  the 
molecules  are  mixed  in  the  proportion  of  two  of  chloroform  to  one 
of  ether,  whilst  similar  calculations  in  the  case  of  ethyl  ether  and 
benzene  from  Linebarger's  data  (Auier.  Chem.  J.,  1896,  18, 
429)  show  that  the  point  of  maximum  difference  in  the  percentage 
of  benzene  by  volume  occurs  at  a  mixture  of  two  molecules  of 
benzene  with  one  of  ether  (referred  to  the  gaseous  state).  Benzene 
and  chloroform,  therefore,  must  be  similarly  aggi'egated. 

These  figures,  however,  do  not  by  themselves  prove  that  chloro- 
form and  benzene  are  doubly  aggregated  as  compared  with  ethyl 
ether,  for  if  in  each  series  of  mixtui'es  we  determine  the  points  at 
which  the  greatest  difference  occurs  between  the  theoretical  and 
observed  percentages  by  volume  of  ethyl  ether,  we  obtain  the 
reciprocal  proportions,  namely,  two  molecules  of  ether  to  one  of 
chloroform  or  benzene. 

The  volumetric  changes  which  occur  in  the  case  of  most  other 
mixtures  of  organic  liqviids  of  which  we  have  any  data  are  too 
small  or  unreliable  to  enable  us  to  draw  accurate  conclusions  re- 
garding their  molecular  complexities.  The  following  results  were 
obtained  in  the  case  of  those  mixtures  which  yield  differences  in 
amount  sufficient  for  the  purpose. 

Molecular  proportions  at  which 
the  maximum  difPereDce  occurs 
Constituents  of  between  the  tlieoretical  and 

the  mixture.  observed  percentages  by  volume  of 

* .  , ' » 

A.  B.  A.  B. 

1.  Chloroform Ethyl  ether  ...     2CHCI3  — (CoH,)oO      •2(CjHg)20— CHCI3 

2.  Benzene  ,,         ,,      ...     2CfiHfi     — (C.",H,)oO      2(C.,H,)„0— CsHg 

3.  Carbon  di.sulphide     Chloroform    ...     2CS2        — CHClj  2CHCi.     — CS2 

4.  ,,  „  Benzene 2CSo        — C^Hr,  C^Hb         -CS, 

5.  Ethyl  ether    Methyl  alcohol     (0^)20— CH3OH       2CH3OH  —{02115)20 

Data. 

1.  Thorpe  and  Rodger  [loc.  cii,). 

2.  Linebarger  (A7ner.  Chan.  J.,  1896,  18,  429). 

Q 

'-'•  ))  1,  ))  !) 

5.  Ceutiierzwer  and  Zoppi  {ZcU.  physikal.  Clicm.,  1906,  54,  690). 
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It  is  evident  that  from  a  consideration  of  the  above  figures 
alone  we  should  have  difficulty  in  assigning  the  relative  degree 
of  complexity  to  each  of  these  several  molecules.  The  complexity 
of  any  liquid,  however,  can  be  readily  determined  by  mixing  it 
with  several  members  of  a  homologous  series  with  which  it  is 
miscible  in  all  proportions,  provided  that  the  volumetric  changes 
are  sufficient  in  amount,  for  when  the  liquid  in  question  has  the 
greater  molecular  volume,  which  implies  in  the  generality  of  cases 
the  more  active  molecule,  the  maximum  difference  between  its 
theoretical  and  observed  proportions  in  the  mixtures  must  always 
occur  at  the  same  molecular  admixture,  whilst  the  maxima  of  the 
several  homologues  will  vary  with  different  members  of  the  series, 
as  is  the  case  with  water  in  its  admixtures  with  the  alcohols  and 
acids. 

In  order  to  determine  the  degree  of  complexity  of  carbon 
disulphide  in  this  manner,  mixtures  were  made  with  ethyl  and 
72-propyl  alcohols,  the  specific  gravities  of  which  are  set  out  below. 


Percentage  of 

Specific  gravity 

-•arbou  disulphide 

of  the  mixture 

by  weight. 

at  15-5715-5°. 

Carbon  disulphide  and 

100-00 

1-2713 

ethyl  alcohol 

91-58 

1-2057 

85-93 

1-1664 

76-50 

1-1071 

51-2-2 

0-9758 

35-19 

0-9089 

— 

0-7940 

Carbou  disulphide  and 

90-93 

1-2043 

?i-propyl  alcohol 

78-31 

1-1243 

61-42 

1-0342 

40-80 

0-9436 

18-75 

0-8644 

— 

0-8080 

In  both  cases  heat  was  absorbed,  and  by  interpolation  of  the 
small  expansions  thus  obtained,  it  was  found  that  the  maximum 
difference  between  the  theoretical  and  observed  proportions  of 
carbon  disulphide  by  volume  occurred  at  mixtures  representing 
approximately  four  molecules  of  carbon  disulphide  with  one  of  the 
alcohol  (referred  to  the  gaseous  state).  Accordingly  the  carbon 
disulphide  molecule  in  the  liquid  state  must  be  regarded  as  having 
a  complexity  four  times  that  of  the  alcohol  molecule.  Since 
chloroform  and  benzene  are  similarly  aggregated  it  follows  from 
the  above  table  that  each  has  only  one  half  the  complexity  of 
carbon  disulphide,  but  twice  that  of  ethyl  ether,  which  latter  is 
similarly  aggi'egated  to  water  and  the  alcohols. 

Now  Ramsay  and  Shields  {loc.  clt.)  concluded  from  their  experi- 
ments that  the  molecules  of  carbon  disulphide,  benzene,  and  ethyl 
ether  were  not  aggregated  as  compared  with  those  of  water  and  the 
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alcohols,  whereas  the  above  results  indicate  a  different  degree  of 
aggregation  in  the  case  of  each  liquid.  Pyridine  also  was  sup- 
posed to  be  less  aggregated  than  water,  and  in  order  to  test  this 
statement  according  to  the  present  theory  mixtures  were  made 
with  water  and  ethyl  alcohol,  and  their  densities  determined.  The 
boiling    jooint    of    the    sample    of    pyridine     (Kahlbaum's)     was 

114—114-3°. 

Percentage  of  Specific  gravity  of  tlie 

pyridine  by  weight.  mixture  at  15"57l>^'5°. 

Pyridine  and  100-00  0-9880 

water  87-20  1-0016 

70-11  1-0111 

49-88  1 -OIL'S 

30-72  1-0088 

12-78  1-0046 

Pyridine  and  ethj-1  89-52  0-9651 

alcohol  74-02  0-932S 

54-39  0-8939 

—  0-7940 

In  both  cases  heat  was  evolved,  and  from  the  curve  of  the  rela- 
tively large  contractions  obtained  the  aggregation  of  pyridine  in 
the  liquid  state  was  found  to  be  the  same  as  that  of  water  and  the 
alcohols. 

The  specific  gravities  of  the  mixtures  of  pyridine  with  water  were 
also  taken  at  25°,  but  except  that  the  contractions  at  correspond- 
ing concentrations  were  relatively  smaller,  no  change  was  noticed  in 
the  points  of  maximum  difference  in  the  volumes  of  either  con- 
stituent. 

Theory  of  the  Intermiscihility  of  Liquids. 

When  the  primary  alcohols  and  fatty  acids  are  mixed  with  water 
it  is  found  that  the  solubility  decreases  as  we  pass  from  the  lower 
to  the  higher  homologues.  Methyl,  ethyl,  and  w-propyl  alcohols, 
for  instance,  are  miscible  in  all  proportions  with  water,  whilst 
7i -butyl-  and  amyl-alcohols  have  only  a  limited  solubility.  The 
same  rule  applies  in  the  case  of  the  fatty  acids  and  other  homologous 
series.  As  would  be  expected,  when  the  aggregation  is  constant 
the  molecular  volumes  also  become  greater  with  increase  in 
molecular  weight.  This  increased  molecular  volume,  however,  in 
the  case  of  the  higher  homologues  is  probably  far  from  representing 
the  differences  in  the  actiial  volumes  occupied  by  the  several  mole- 
cules, and  is  rather  to  be  explained  by  a  greater  force  of  repulsion 
between  the  molecules  themselves  as  their  mass  increases,  with  a 
relative  increase  in  the  distance  between  the  centres  of  mass  of 
adjacent  molecules.  In  fact,  it  is  probable  that  the  orbits  of  mole- 
cules of  the  most  diverse  substances  in  the  liquid  state  do  not  differ 
greatly,  and  that  the  theory  of  spheres  can  be  applied  to  the  inter- 
miscihility of  liquids.     What,  therefore,  is  the  essential  difference 
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between  the  molecviles  of  carbon  disulpbide  and  pyridine,  benzene 
and  nicotine,  which  decides  their  niiscibility  or  immiscibility  in 
water  ?  A  comparison  of  their  molecular  weights  does  not  assist 
us,  but  when  their  molecular  volumes  are  set  out  a  remarkable 
series  is  obtained. 

Below  is  given  the  relative  molecular  volumes  (compared  with 
that  of  water  at  the  same  temperature  as  unity)  of  some  of  the 
more  commonly  known  organic  liquids  which  have  been  dealt  with 
above,  (1)  referred  to  the  gaseous  state,  and  (2)  deduced  from  their 
ascertained  complexities. 

(5). 
(4).  True 

(3).  Degree     molecular  vol- 

Molecular         of  aggrega-    unie  deduced 
volume  tion  in  from  the 

referred  to  the  liquid  state.       degree  of 
(1).  (2).  gaseous  state.  AVater(H20)2.  complexit}'. 

Substance.  Tcmiierature.       "Water  1.  Mol.  \vt.  Water  1. 

Glycerol 20°  —  1  2-02 

Formic  acid    20  209  2  2-09 

Methyl  alcohol 15-5  2-27  2  2-27 

Acetic  acid 20  3-17  2  3-17 

Ethyl  alcohol    15-5  3-22  2  3-22 

Carbon  disulphidc    20  3-34  8  — 

AUyl  alcohol 20  376  2  3-76 

Lactic  acid..  20  4-02  2  4-02 

Acetone  15  4-04  2  4-04 

Glycerol 20  4-05  1  — 

Propionic  acid   0  4-06  2  4-06 

?i-Propyl  alcohol   0  4-07  2  4-07 

Chloroform     0  4-34  4  — 

Pyridine     4  441  2  4-41 

Nicotine     20  —  1  4-45 

Benzene  20  4-91  4  — 

«-Butyl  alcohol  0  4-99  2  4-99 

M-Butyric  acid  19  5-08  2  5-08 

Ethyl  ether    4  5-62  2  5-62 

?i-Amyl  alcohol 0  5-89  2  5-89 

H-Caproic  acid   227  6-93  2  C-93 

Chloroform     0  —  4  8-G8 

Nicotine      20  8-90  1  — 

lienzene 20  —  4  9-82 

Laurie  acid 44  12-GO  2  12-(J0 

Carbon  disulj.hide 20  —  8  13-30 

As  will  be  seen  from  column  3  the  gradual  increase  in  molecular 
volume  results  in  a  decrease  in  miscibility  with  water  only  in  the 
■case  of  liquids  having  the  same  degree  of  complexity.  Carbon 
disulphide  and  ethyl  alcohol,  for  instance,  have  the  same  apparent 
molecvilar  volume,  whereas  the  one  is  insoluble  in  water  and  the 
other  miscible  in  all  proportions.  When,  however,  the  degree  of 
aggregation  in  the  liquid  state  is  taken  into  consideration,  carbon 
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disulpliide  takes  its  place  at  the  bottom  of  the  list  in  column  5, 
amongst  the  most  insoluble  substances. 

Nicotine,  on  the  other  hand,  from  its  apparently  great  molecular 
volume  referred  to  the  gaseous  state,  would  be  expected  to  be 
insoluble  in  water,  but  seeing  that  its  complexity  in  the  liquid 
state  is  only  one-half  that  of  water,  it  takes  its  place  amongst  the 
miscible  substances.  Glycerol,  chloroform,  and  benzene  in  the  same 
manner  fall  into  their  natural  positions  in  column  5,  so  that 
we  have  here  a  series  which,  with  the  exception  of  w-butyl  alcohol 
and  ?t-butyric  acid,  show  a  decreasing  solubility  with  increase  in 
molecular  volume. 

Again,  liquids  adjacent  to  each  other  in  this  series  and  possess- 
ing molecular  volumes  within  certain  dimensions  are  mutually 
miscible.  Thus  glycerol  is  miscible  with  ethyl  alcohol,  but  insoluble 
in  ethyl  ether ;  methyl  alcohol  is  miscible  with  chloroform,  but  only 
partially  miscible  with  carbon  disulphide;  pyridine,  on  the  other 
hand,  being  near  the  limits  of  complete  miscibility,  is  miscible  with 
almost  all  the  liquids  mentioned  from  water  to  carbon 
disulphide. 

Carbon  disulphide,  therefore,  is  insoluble  whilst  ethyl  alcohol  is 
easily  miscible  with  water  by  reason  of  its  relatively  greater 
molecular  volume.  This  explanation  is,  however,  inadmissible  with- 
out qualification,  for  we  already  know  that  the  so-called  molecular 
volume  of  a  liquid  does  not  represent  the  true  spherical  path  of 
the  molecule,  otherwise  w-butyric  acid  would  be  less  soluble  in 
water  than  n-butyl  alcohol,  whereas  the  reverse  is  the  case.  There 
is  little  doubt,  however,  that  the  mean  path  of  a  molecule  can  be 
represented  by  a  spherical  surface,  and  that  it  retains  its  indivi- 
dviality  when  mixed  with  other  liquids;  also  that  the  so-called 
molecular  volume  is  determined  by  forces  of  repulsion  inherent  to 
the  molecules.  Liquids,  tlierefore,  having  approximate  molecular 
volumes  must  mix  together  in  the  same  way  as  a  mixture  of 
inelastic  spheres,  and  this  mutual  miscibility  will  continue  so  long 
as  the  distance  between  the  centres  of  mass  of  adjacent  molecules 
is  less  than  sf  {x-\-y),  where  x  and  y  are  the  radii  of  the  spherical 
paths  of  individual  molecules  of  each  constituent.  When  the 
distance  between  the  centres  of  mass  of  the  molecules  of  either  con- 
stituent becomes  greater  than  this  factor,  mutual  miscibility  ceases^ 
and  the  greater  this  factor,  proportionately  less  miscible  the  liquids 
become,  as  in  the  case  of  spheres,  the  diameters  of  which  are  such 
as  to  allow,  the  smaller  to  pass  through  the  interstitial  spaces  of 
the  larger  spheres. 

Government  Laboratory. 
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CLXXIII. — The  Relationship  of  Colour  and  Fluorescence 
to  Constitution.  Part  I.  The  Conde7isatio7i 
Products  of  Mellitic  and  Pyromellitic  Acids  ivith 
Resorcinol. 

By   Oswald    Silberrad,    Ph.D. 

When  mellitic  or  pyromellitic  acid  is  heated  with  phenols  or  meta- 
derivatives  of  phenols,  condensation  occurs,  with  the  formation  of 
colouring  matters  analogous  to  the  phthaleins.* 

Mellitic  acid  is  capable  of  forming  three  series  of  "  melliteins,"  and 
similarly,  pyromellitic  acid  can  give  rise  to  two  series  of  derivatives. 
The  general  structure  of  the  compounds  follows  from  their  method  of 
preparation  and  their  analogy  to  the  phthaleins.  It  is  convenient  to 
classify  them  as  mono-,  di-,  and  tri-xanthyl  derivatives. 

The  monoxanthyl  derivatives  obtained  from  pyromellitic  acid  may 
be  regarded  as  being  derived  from  ^-hydroxyxanthylbenzene-'i  :  4  :  5- 
tricarhoxylic  acid  (IV),  and  those  obtained  from  mellitic  acid  as 
derived  from  ^-hydroxyxanthylbenzeiie-'i  :  3  :  4  :  5  :  6-pentacarboxylic 
acid  (Y). 

0  O 


C-OH 

COgH 

(IV.) 

The  dixanthyl  compounds  are  similarly  derived  from  9  :  d'-di- 
hydroxy-]i-dixanthylbenzene-2  : 5-dicarboxylic  acid  (VI),  and  9  :  Q'-di- 
hydroxy dixanthyl benzenetetracarboxylic  acid  respectively.  Of  these,  the 
former  is  derived  from  pyromellitic  acid,  and  admits  of  only  one 
isomeride,  whilst  the  latter,  derived  from  mellitic  acid,  occurs  in  two 
modifications,  according  as  the  xanthyl  groups  are  para  (VII)  or  meta 
(VIII)  to  one  another. 

*  The  application  of  these  conipounds  as  dyestutrs  haa  already  been  patented 
(Silberrad,  Eng.  Pat.,  No.  28638  of  1902). 


VOL.    LXXXIX.  6    H 


1788         SILBERRAD:   THE   RELATIONSHIP   OF   COLOUR   AND 
0  0  0 


C-OH 

/NcOoH 


CO.H 


C-OH 

co<,h/\ 


CO,H 


CO.,H 

C(6h) 


OOgH 


\_ 


(VIII.) 


Derivatives  of  both  the  meta-  and  the  para-compound  have  been  pre- 
pared. They  differ  from  one  another  in  that  the  meta-compounds  (VIII) 
are  capable  of  condensing  with  a  further  pair  of  phenol  molecules  to 
form  trixanthyl  derivatives.  The  parent  compound  of  the  trixanthyl 
group  is  9  :  9'  :  ^"-trihydroxytrixanthylhenzenetricarhoxylic  acid  (IX). 


)0 


(IX.) 


Anhydro-derivatives. — It  is  seen  that  the  above  carbinol  derivatives 
are  capable  of  losing  water  to  form  lactones.  In  the  phthalein  series, 
the  carbinol  derivatives  are  assumed  to  change  spontaneously  to 
lactones  on  passing  from  the  ionised  to  the  non-ionised  condition. 
In  the  present  study  of  the  melliteins  and  pyromelliteins,  it  has  been 
found  that  all  the  mellitic  derivatives  are  hydrated  and  behave  as 
though  they  contain  the  full  complement  of  carboxylic  acid  groups 
as  shown  in  formulae  (V),  (VIT),  (VIII),  and  (IX),  The  pyromellitic 
derivatives,  on  the  other  hand,  are  anhydrides — presumably  lactones — 
as  represented  in  the  formulae  (X)  and  (XI)  : 
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CO,H 


(X.) 

(X)  9- Hydroxy xanthylbenze7ie-2-carboxylactone'4:  :  5-dicarboxylic  acid) 
and  (XI)  9  :  d'-dihydroxydixanthylbenzene-2  :  5-dicarboxylactone, 

Orientation   of  the   Xanthyl   Groups   in   Dixanthyl   Derivatives   of 

Mellitic    Acid. 

In  the  mono-  and  tri-xanthyl  derivatives  the  orientation  of  the 
xanthyl  groups  is  not  open  to  doubt ;  the  dixanthyl  compounds, 
however,  are  capable  of  existing  in  two  modifications,  according  as  the 
xanthyl  groups  are  meta  or  para  to  each  other,  as  shown  in  formulte 
(XII)  and  (XIII).  The  ortho-position  is  excluded,  as  each  xanthyl 
group  requires  the  presence  of  two  carboxylic  groups,  even  although 
one  of  these  is  left  intact. 


CO,H 


OH 


(XII.) 


OH 


HO' 


(XII)  Hexahydroxy-m.-dixaiithylbenzene-2-A  :5  '.^-tetracarboxylic  acid. 

(XIII)  IIexakydroxy-'p-dixanthylbenzene-2 : 3 : 5 :  Q-tetracarboxylic  acid. 

It  is  seen   that  only  the  meta-derivative   is  capable  of  combining 
with  a  further  pair  of  resorcinol  molecules  to  form  nonahydroxy-sym- 

«)  n  2 


1790         SILBERRAD:   THE   RELATIONSHIP   OF   COLOUR   AND 

trixanthylbeuzenetricarboxylic  acid,  since  two  neighbouring  carboxylic 
groups  are  necessax'y  for  the  condensation  with  resorcinol.  This  pro- 
perty has  been  made  use  of  for  the  orientation  of  these  compounds. 
It  is  found  that  the  ordinary  hexahydroxydixanthylbenzenetetra- 
carboxylic  acid,  obtained  by  direct  condensation  of  resorcinol  with 
mellitic  acid,  readily  unites  with  a  further  pair  of  resorcinol  molecules 
to  form  a  trixanthyl  derivative,  namely  : 


>— <     CO^H/^COaH    >— < 
0/^\(H0)Cl^^^C(0H)/       \0 


CO„H 

\_/  \_/ 

OH  OH 

(XIV.) 

(XIV)  Nonahydroxy-syva-trixanthylbenzene-^  :  4  :  ^-tricarboxylic  acid. 

The  original  compound  must  therefore  have  been  the  metadixanthyl 
derivative  shown  in  formula  (XII). 

In  order  to  prepare  the  para-isomei'ide,  it  is  necessary  to  protect 
the  1  :  4-positions.  This  was  accomplished  by  condensing  1  :  4-diethyl 
mellitate  with  resorcinol  and  subsequently  saponifying  the  resulting 
ester.  In  this  way,  the  para-compound  (formula  XIII)  was  obtained. 
This  compound  shows  no  tendency  under  any  conditions  to  condense 
further  with  resorcinol.  It  will  be  observed  that  these  derivatives  of 
mellitic  acid  are  hydrated,  that  is,  the  carboxylic  acid  groups  adjacent 
to  the  xanthyl  groups  are  unaffected,  and  it  should  therefore  be 
possible  to  produce  a  hexaxanthyl  derivative.  This,  however,  has  not 
been  realised ;  it  has  been  suggested  that  a  pair  of  carboxylic  acid  groups 
adjacent,  or  in  the  ortho-position  to  one  another,  is  necessary  for  the 
formation  of  a  xanthyl  ring.  This,  however,  fails  to  account  for  the  fact 
that  the  para-derivative,  which  still  contains  two  pairs  of  ortho-carboxyl 
groups,  does  not  form  tri-  and  tetra-derivatives.  The  most  logical 
explanation  appears  to  be  that  the  introduction  of  two  xanthyl  groups  in 
adjacent  positions  is  prevented  by  steric  hindrance. 

It  is  of  interest  to  note  that  the  two  isomeric  series  of  compounds 
show  a  distinct  difference  of  colour.  Thus  3  :  3' :  6  :  6' :  9  :  9'-hexa- 
hydroxy-/)-dixanthylbenzene-2  :  3  :  5  :  6-tetracarboxylic  acid  dyes  silk 
and  wool  a  yellow  ochre  tint,  whilst  the  meta-isomeride  gives  a 
brownish-yellow.  The  octabromo-derivatives  of  these  two  compounds 
show  an  equally  marked   difference  of  colour.     The  para-compounds 
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also  show  a  much  more  intense  fluorescence  than  the  corresponding 
meta-derivatives. 

Relationshij)  of  Constitution  to  Colour  and  Fluorescence. — Much  of 
the  interest  of  the  present  work  lies  in  its  bearing  on  the  influence  of 
constitution  on  colour  and  fluorescence.  According  to  the  ideas 
currently  accepted,  the  colour  and  fluorescence  of  the  phthaleins  is 
attributed  to  a  quinonoid  structure  of  the  molecule  and  to  its  oscillatory 
tautomeric  relationship  with  the  corresponding  lactone.  It  is  therefore 
a  matter  of  surprise  to  find,  as  is  shown  in  the  present  work,  that  many 
compounds  of  this  class,  although  intensely  coloured  and  strongly 
fluorescent,  cannot  reasonably  be  formulated  as  quinone  derivatives  and 
admit  of  no  possibility  of  tautomerism.  They  should,  indeed,  according 
to  the  generally  accepted  theories,  be  colourless  and  non-fluorescent. 
Thus,  the  following  are  examples  of  compounds  prepared  in  the  present 
work  which  are  saturated  and  contain  neither  lactone  rings  nor 
quinone  groups  and  are  incapable  of  tautomeric  oscillation,  yet  they 
exhibit  intense  colour  and  fluorescence. 

I.  Haloid  Derivatives  of  Di-  and  Tri-xanthyl  Compounds. 

Examples  of  these  are  octabroin-{or  iodo)-3  :3':6  :6':9  :%' -hexahydroxy- 
dixanthylbenzene-2  :  4  :  5  :  6-(or  2:3:4:  ^)-tetracarhoxylic  acids.  These 
compounds  act  as  octabasic  acids,  forming  well-defined  and  character- 
istic salts.  The  potassium  salts,  for  example  (formulae  XV  and  XVI), 
are  red  powders  possessing  a  metallic  green  reflex  ;  they  are  very  soluble 
in  water,  giving  intense  blood-red  solutions  which  show  a  brown 
fluorescence,  and  dye  silk  and  wool  an  intense  pinkish-red. 

Br     O      Br 


Ko/  Y  Y    |0 

K 

"■  Br  OK 

C-OH 

/' 

^Br 

> 

COjKf^^COgK 

/ 

COgRl       lc(OH)/ 

COoK 

/ 

> 

V- 

Br  OK 

(XVI.) 

(XV)  Potassium    octabromohexahydroxy--^-dixanthylbenzene-'i  :  3  :  5  :  6- 

tetracarboxylate. 

(XVI)  Potassium.  octabromohexahydroxy-m.-dixanthylbenzene-2  : 4  : 5  :  6- 

tetracarboxylate . 
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Dodecabromo-  (and  iodo)-  nonahydroxytrixanihylhenzenetricarhoxylic 
acids  also  belong  to  this  class.  They  behave  as  nonabasic  acids  and  yield 
well-defined  salts,  for  example  : 


Br    O 


Br 


Br  OK 
C-OH        /~\ 

COoK/    \CO,K      ,     . 

;c(dH)<^     ^o 

C-OH 


Br 


Br  OK 


(XVII)  Potassium    dodecahromononahydroxy-&jm.-trixanthylhenzene- 
2:4::6-tricarboxylate. 


II.   The  Parent  Hydroxy-comjiounds. 

These  possess  pi*ecisely  analogous  structure,  but  in  their  case  the 
basicity  of  the  acid  is  restricted  to  the  number  of  carboxylic  groups 
present.  This  admits  of  the  possibility  of  two  methods  of  formulation 
apart  from  the  above.  Thus  the  silver  salt,  for  example,  of  hexa- 
hydroxy-/)-dixanthylbenzene-2  :  3  :  5  :  6-tetracarboxylic  acid,  that  is,  the 
parent  compound  corresponding  to  formula  (XV),  might  be  formulated 
either  as  (XVIII),  or  (XIX). 


O 


O 


^,0H 


CO^Ag 
CO^Ag 


HO 


/ 
O 

(XVIIF.) 


C02Ag        „  ^ 
COjAg  ^^^2^ 


O 


+  2H,0 


Since,  however,  the  structure  of  the  halogen  derivatives  has  been  placed 
beyond  all  doubt,  and  there  are  no  grounds  for  assuming  a  difference 
of  structure  between  these  and  the  parent  compounds,  it  appears  that 
the  latter  also  are  saturated,  as  shown  in  the  formula  of  silver  hexa- 
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hydroxy --^-dixanthylbenzene-^  :  3  :  5  :  6-tetracarboxylate  (XX),  and  con- 
tain neither  lactonic  nor  quinonoid  linkings. 


HOr     Y     Y     >0H 


CO^Ag/    X'OgAg 
CO^Agl^^CO^Ag 

C-OH 


HOL       I      A     JOH 


Notwithstanding  the  absence  of  all  groups  usually  recognised  as 
chromophores,  these  compounds  are  intensely  coloured  and  show  strong 
fluorescence.  Further,  it  is  seen  that  they  are  closely  allied  to  the 
phthaleins  themselves,  thus  the  formation  of  derivatives  which  cannot 
be  formulated  so  as  to  contain  a  quinonoid  structure  casts  grave  doubts 
on  the  presence  of  a  quinone  group  in  any  of  these  compounds. 
Undoubtedly,  in  the  instances  cited  above,  another  chromophore  must 
be  sought.  The  observations  made  in  the  present  work  appear  to  lend 
weight  to  Baeyer's  theory  of  the  constitution  of  phthaleins  and  other 
dyes  (Ber.,  1905,  38,  569),  according  to  which  the  colour  is  not  due  to 
a  quinonoid  structure  but  to  a  peculiar  form  of  carbon  linking.  It 
certainly  appears  from  the  examples  given  that  the  9-carbon  atom 
of  these  xanthyl  derivatives,  which  corresponds  to  the  carbinol  carbon 
atom  of  triphenylcarbinol  compounds,  possesses  latent  chromophoric 
properties,  the  development  of  which  depends  on  the  substituents  in 
the  xanthyl  or  other  groups  attached  thereto. 

Stability  of  the  Lactone  Ring  hi  Phthaleins. — It  is  generally  assumed 
that  phenolphthalein  and  many  of  its  derivatives  exist  in  the  form  of 
lactones  in  the  free  state,  but  undergo  a  desmotropic  change  into 
quinone  derivatives  containing  a  carboxylic  group  in  presence  of 
alkali.  According  to  this  assumption,  the  lactone  ring  is  supposed  to  be 
very  labile,  breaking  open  at  once  in  presence  of  dilute  alkali,  whilst 
in  fluorescent  compounds  the  two  formula?  are  assumed  to  represent 
tautomeric  compounds  capable  of  constantly  oscillating  between  the 
two  configurations. 

The  present  work  gives  indications  that  the  change  from  the  lactonic 
to  the  quinonoid  structure  frequently  does  not  take  place  with  the  ease 
which  has  been  generally  assumed.     In  other  cases,  again,  the  com- 
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pounds  show  no  tendency  to  pass  into  the  lactonic  form  when  liberated 
from  their  salts,  but  remain  as  carboxylic  acids.  Thus,  in  many 
instances  the  salt-formation  occurs  without  any  molecular  rearrange- 
ment. The  analogy  between  these  compounds  and  the  phthaleins  is 
so  close  that  a  modification  of  the  theory  of  these  compounds  may 
become  necessary. 

When  trihydroxyxanthylbenzene-2-carboxylactonedicarboxylic  acid  is 
warmed  with  a  quantity  of  caustic  potash  less  than  sufficient  to  dissolve 
it  completely,  and  the  excess  of  xanthyl  compound  separated,  the 
solution  yields  on  precipitation  silver  trihydroxyxanthylbenzene-2-carh- 
oxi/lactone-i  :  b-dicarhoxylate  (XXI).     Thus   the   compound  acts  as  a 


OH/    Y     Y    NOH 


CO^Ag 


CO.Ag 

(XXL) 

dibasic  acid  in  these  circumstances,  indicating  that  the  lactone  ring  does 
not  break  open  so  easily  as  is  generally  believed.  If,  however,  the  di- 
potassium  salt  is  dissolved  in  water,  and  treated  with  a  drop  of  caustic 
potash,  a  marked  change  of  colour  occurs.  The  solution,  which  was 
originally  a  bright  orange,  becomes  much  darker,  more  intensely 
coloured,  and  the  fluorescence  increases  considerably.  This  evidently 
indicates  that  the  lactone  ring  is  broken  open  in  presence  of  caustic  alkali. 
Indeed  it  was  found  possible  to  precipitate  silver  trihydroxyxanthyl- 
benzene-2  :  4  : 5-tricarboxylate    (XXII)    from    a    solution    prepared    by 


HO/     Y     Y     >0H 


CO,Ag 
(XXIL) 

treating  one  molecule  of  the  xanthyl  compound  with  three  molecules 
of  caustic  potash.  It  will  be  observed  that  the  salts  corresponding  to 
formula  XXII  are  fully  saturated  compounds  and  cannot  be  formu- 
lated as  quinone  derivatives,  unless  a  molecule  of  water  is  considered 


FLUORESCENCE   TO   CONSTITUTION.      PART   I.  1795 

as  water  of  crystallisation.  It  is  noteworthy  that  the  tri-metallic  salts 
show  a  much  more  brilliant  metallic  reflex  and  possess  a  much  more 
intense  colour  and  fluorescence  in  solution  than  the  di-metallic  salts, 
that  is  to  say,  the  colour  and  fluorescence  are  strongest  in  the  compounds 
which,  according  to  the  ideas  hitherto  accepted,  contain  no  chromophore 
and  do  not  admit  of  tautomerism,  and  should  therefore  be  colourless 
and  devoid  of  fluorescence.  The  haloid  derivatives  of  the  above  com- 
pound are  also  lactonic  (XXIII),  but  in  this  case  the  lactone  ring 
readily  opens  on  treatment  with  alkalis  as  above,  and  the  compound 
acts  as  a  pentabasic  acid. 

Br     O       Br  Br     O       Br 


C-OH 


COgK 

(XXIII.)  (XXIV.) 

(XXIII)   TelrahroviotrihydroxyxanthylbenzenecarhoxylactonedicM'boxylic 

acid. 
(XX IV)  Potassium  tetrahromotrihydroxyxanthylbenzenetricarboxylate. 

The  results  recorded  in  the  present  paper  may  be  summarised  as 
follows  : 

(1)  Mellitic  and  pyromellitic  acids  condense  with  resorcinol  to  form 
a  series  of  coloured  compounds  analogous  to  the  phthaleins. 

(2)  Neither  the  colour  nor  the  fluorescence  of  these  compounds  is 
dependent  on  the  presence  of  quinone  linkings,  for  in  many  instances 
a  quinonoid  structure  is  impossible. 

(3)  The  change  from  a  lactonic  to  a  quinonoid  structvire,  and  vice 
versd,  does  not  appear  to  take  place  with  the  ease  which  is  generally 
assumed. 

Experimental. 

[With  Charles  Smart  Roy.] — For  the  conversion  of  mellitic  into 
pyromellitic  acid  tlie  following  conditions  were  found,  after  a  series  of 
experiments,  to  give  the  most  favourable  results.  Fifty  grams  of  mellitic 
acid  are  mixed  with  80  grams  of  potassium  hydrogen  sulphate  and 
made  up  into  a  thick  paste  with  sulphuric  acid.  The  mixture  is 
heated  to  200°  for  six  hours  and  then  distilled  in  a  retort  fitted  with 
a  long  air  condenser  dipping  into  a  receiver,  so  that  when  a  little 
sulphuric  acid  has  distilled  over  the  vapours  must  bubble  through  it. 


1796         SILBERRAD:   THE   RELATIONSHIP   OF   COLOUR  AND 

The  decomposition  gases  carry  over  a  considerable  quantity  of  pyro- 
mellitic  acid ;  this  is  collected  by  passing  the  vapour  through  cold 
water.  White  fumes  are  evolved  at  first,  and  after  a  time  sulphuric 
acid  passes  over.  Toward  the  end  of  the  distillation  the  pyromellitic 
acid  distils  over  in  considerable  quantity,  and  care  must  be  taken  to 
avoid  choking  of  the  condenser.  The  distillation  is  continued  until 
no  more  acid  passes  over.  The  water  and  sulphuric  acid,  in  which 
a  portion  of  the  pyromellitic  acid  has  collected,  are  mixed  and  cooled 
to  allow  the  dissolved  acid  to  crystallise  out.  The  acid  is  purified  by 
recrystallisation  from  water.     The  yield  amounts  to  54  per  cent. 

I.     Monoxanthyl  Derivatives. 

3:6:  ^-Trihydroxyxanthylhenzene-2-carhoxylactoiie-i:  :  5-dicarboxylic 
Acid  {Diresorcinolpyromellitein),  CogH^gOg. — This  is  prepared  by  heat- 

0 

H0/\^\/N0H 


CO.,H 


ing  a  finely  ground  mixture  of  equal  parts  of  pyromellitic  acid  and 
resorcinol  to  160°  for  six  hours.  The  mixture,  which  at  first  melts, 
gradually  loses  water  and  solidifies.  When  cold,  the  dark  brown  mass 
is  powdered,  extracted  with  boiling  water,  and  the  residue  dissolved  in 
a  small  quantity  of  alcohol.  By  this  treatment  a  small  quantity  of  a 
red  organic  compound  insoluble  in  cold  alcohol  is  removed.  It  is 
suggested  that  this  may  be  the  corresponding  anthraquinone  derivative. 
The  anhydroxanthyl  product  is  isolated  and  purified  by  fractional  pre- 
cipitation of  its  alcoholic  solution  by  the  addition  of  water.  On 
analysis : 


I.* 

0-2230  gave  0-5154  CO.,  and  0-0521  H.p.  0  =  63-03; 

H  =  2-59. 

II. 

0-2157     „     0-4974  CO2    „    0-0528  H^O.  0  =  62-89  ; 

H  =  2-72. 

II. 

0-1898     „     0-437500.3    „    0-0469  H2O.  0  =  62-86; 

H  =  2-74. 

III. 

0-2091     „     0-4800  OO2    „    0-0555  H2O.  0  =  62-60; 
Mean  0  =  62-85;  H  =  2-77. 
OogHjgO.,  requires  0  =  62-72  ;  H  =  2-87  per  cent. 

H  =  2'94. 

The  substance  is  a  bright   yellow,  amorphous   powder  melting  at 
above  300°.     It  dyes  silk  and  wool  a  brilliant  yellow.     It  is  insoluble 

*  These  numerals  refer  to  the  different  preparations. 
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in  benzene,  ether,  or  chloroform,  and  very  slightly  soluble  in  concen- 
trated hydrochloric  acid  or  water,  giving  in  the  latter  solvent  a  very 
faint  pink  coloured  solution  having  a  most  intense  green  fluorescence. 
It  is  fairly  soluble  in  aniline,  phenol,  ethyl  acetate,  glacial  acetic 
acid,  or  concentrated  sulphuric  acid,  readily  so  in  acetone  or  alcohol, 
in  which  solvents  it  gives  a  reddish-orange  coloured  solution  having 
an  intense  green  fluorescence ;  it  is  precipitated  from  these  solvents 
on  addition  of  water. 

The  compound  dissolves  readily  in  dilute  aqueous  caustic  potash  and 
ammonia,  giving  deep  orange  solutions  having  an  intense  green 
fluorescence  ;  on  acidifying  these  solutions,  the  acid  is  precipitated. 

The  alkali  salts  were  prepared  by  warming  a  solution  of  caustic 
alkali  with  excess  of  the  xanthyl  compound,  and  after  separating  the 
excess  of  the  latter,  evaporating  the  filtrate.  The  salts  of  the  heavy 
metals  were  obtained  from  the  potassium  salts  by  double  decom- 
position. 

The  lithium  and  potassium  salts  are  dark  orange-red  powders  having 
a  green  metallic  reflex. 

The  silver  salt,  CgoHjQOgAg.^,  is  a  bright  orange-red  powder  which  is 
fairly  stable  to  heat.  It  is  readily  soluble  in  ammonia;  dilute  nitric 
and  glacial  acetic  acids  dissolve  the  salt,  precipitating  out  the  free  acid. 
On  analysis  : 

Preparation      I.     0-2176  gave  0-0744  Ag.     Ag  =  34'19. 
II.     0-2757     „     0-0942  A g.     Ag  =  34-16. 
II.     0-2327     „     00795  Ag.     Ag  =  34-16. 
III.     0-5219     „     0-1771  Ag.     Ag  =  33-93. 
Mean  Ag  =  34-11. 
^22^io^9'^?2  requires  Ag  =  34-05  per  cent. 
The  copj)er,  cohalt,  lead,  ferrous,  and  chromium  salts  are  formed  as 
orange  precipitates. 

The  ferric  salt  is  a  dark  brownish-red  powder. 

3:6:  ^-Trihydroxyxanthylbenzene-2  :  4  :  b -tricarboxylic  Acid,  C22II  j^O-jq. 

O 


CO,H 


COgH 


CO2H 

This  acid  does  not  exist  in  the  free  state  ;  on  liberation  from  its  salts 
it    at    once    loses    water,  yielding  '.i  :6  :\)-trihydroxyxanlhylbeiizene-2- 
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carhoxylactone-i  :  5-dicarhoxylic  acid.  The  potassium  salt  is  obtained 
by  suspending  2*1  parts  of  3  :  6  :  9-trihydroxyxanthylbenzene-2-carb- 
oxylactone-4 : 5-dicarboxylic  acid  in  water  and  adding  0  838  parts 
of  potassium  hydroxide.  After  about  06  part  has  been  run  in, 
additional  alkali  causes  a  marked  increase  in  colour  and  fluorescence. 
On  evaporating  the  solution,  the  salt  separates  as  a  dark  red  powder 
having  a  bright  olive-green,  metallic  reflex.  It  is  very  soluble  in 
water,  giving  a  brownish-red  solution  having  a  very  intense  green 
fluorescence.  The  lithium  and  sodium  salts  closely  resemble  the 
potassium  salt. 

The  silver  salt,  C22HjjOjQAg3,  is  a  dark  crimson  powder  having 
an  olive-green,  metallic  reflex.  It  dissolves  instantly  in  ammonia : 
dilute  nitric  and  glacial  acetic  acids  dissolve  the  salt,  precipitating 
the  lactonedicarboxylic  acid.  It  is  fairly  stable  to  heat  and  light.  On 
analysis  : 

I.*  from  sodium  salt  0-2371  gave  O'lOOl  Ag.     Ag  =  42-22. 

II.       „      sodium  salt  0-1285      „     0-0546  Ag.     Ag  =  42  49. 

II.      „      sodium  salt  0-1918     „     0-0814  Ag.     Ag  =  42-44. 

III.      „      lithium  salt  0-1278     ,,     0-0544  Ag.     Ag  =  42-56. 

III.      „      lithium  salt  0-1142     „     0-0485  Ag.     Ag  =  42-46. 

Mean  Ag  =  42-43. 
CggHj^O^jAgg  requires  Ag  =  42-66  per  cent. 

The  cop2)er  salt  is  a  reddish-brown  powder  which  turns  dark  brown 
on  addition  of  ammonia. 

The  cobalt  and  mercuric  salts  are  orange-red  powders. 

The  lead,  chromium,  ferrous,  and  ferric  salts  are  bright  reddish- 
orange,  dark  yellowish-orange,  brown,  and  dark  brownish-red  powders 
respectively. 

2:4:5:  7-Tetj'abromo-3  :  6  :  'd-trihydroxyxanthylhenzene-l-carhoxylac- 
tone-4:  :  b-dicarhoxylic    Acid   (Tetrabromodiresorcinolpyromellitein), 


/\co>^ 


COgH 


CO^H 


The  foregoing  compound  is  dissolved  in  alcohol,  cooled,  and  a   slight 
excess  of  bromine  slowly  added.     After  twenty-four  hours  the  mixture 

*  See  footnote  on  p.  179G, 
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is  thx'own  into  water,  the  precipitate  of  the  bromo-compound  separated, 
and  purified  by  exhaustive  fractional  precipitation  of  its  alcoholic 
solution  by  the  addition  of  water.     On  analysis  : 

Preparation      I.     0-5359  gave  0-5498  AgBr.     Br  =  43-66. 

„  II.     0-3124     „     0-3199  AgBr.     Br  =  43-57. 

„  III.     0-2209     „     0-2268  AgBr.     Br  =  43-69. 

IV.     0-2098     „     0-2134  AgBr.     Br  =  43-28. 

Mean  Br  =  43 -55. 
C22Hg09Br^  requires  Br  =  43-46  per  cent. 

The  substance  is  a  bright  orange-red,  amorphous  powder  melting  at 
186 — 189°,  and  dyes  silk  and  wool  a  brilliant  crimson.  It  is  insoluble 
in  water,  benzene,  ether,  chloroform,  or  concentrated  hydrochloric  acid, 
but  slightly  soluble  in  concentrated  sulphuric  and  acetic  acids,  from 
which  it  is  precipitated  on  dilution.  It  is  fairly  soluble  in  ethyl 
acetate  and  readily  so  in  warm  aniline,  giving  a  fine  deep  red  solution 
having  a  brown  fluorescence ;  on  cooling,  the  colouring  matter 
separates.  It  is  also  soluble  in  phenol,  acetone,  or  alcohol,  giving 
deep  red  solutions  from  which  the  compound  is  precipitated  on  dilution 
with  water.  It  dissolves  in  dilute  potassium  hydroxide  or  ammonia, 
with  rupture  of  the  lactone  ring.  The  solutions  have  a  fine  deep  red 
colour  and  a  brown  fluorescence. 

2  :  4  :  5  :  7-Tetrabromo-3  :  6  :  2-trihydroxyxanthylbenzene-2  :  4  :  b-tri- 

Br     O      Br 
OHr 


Br 


!      I      I 


CO,H 


carhoxylic  Acid,  CggHj^^OjoBr^. — This  acid  is  known  only  in  the  form  of 
its  metallic  salts.  When  liberated  it  at  once  loses  water,  and  is 
converted  into  tetrahromotrihydroxyxanthylhenzenecarhoxylactonedi- 
carboxylic  acid. 

The  salts  are  prepared  from  the  preceding  lactone  by  the  addition  of 
alkali,  which  breaks  open  the  lactone  ring.  The  sodium  and  lithium 
salts  are  dark  red  powders  having  a  very  brilliant  green  metallic  reflex, 
and  are  very  readily  soluble  in  water. 

The  silver  salt,  C22H50jQBrjAg-,  is  precipitated  as  a  bright  crimson 
precipitate  which  is  fairly  stable  to  heat  and  light,  and  is  readily 
soluble  in  ammonia.  Dilute  nitric  and  glacial  acetic  acids  dissolve  the 
salt  and  precipitate  the  acid.     On  analysis  : 


1800 
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Preparation       I. 

0-5819, 

gave 

1  0-4204 

AgBr. 

Ag. 

=  41-50. 

II. 

0-3451' 

)> 

0-2522 

AgBr. 

Ag  = 

=  41-98. 

II. 

0-1998 

>j 

0-1461 

AgBr. 

Ag  = 

=  42-00. 

III. 

0-2189 

J5 

0-1600 

AgBr. 

Ag  = 

=  41-98. 

IV. 

01859 

>> 

0-1349  AgBr. 

Ag  = 

=  41-68. 

Mean 

I  Ag  = 

=  41-83. 

.  CgaHsOioBr^Agj  requires  Ag  = 

41-88  per  cent. 

The  copper,  barium,  cobalt,  lead,  ferrous,  and  chromium  salts  are 
formed  as  blood-red  powders,  the  barium  and  copper  salts  being 
unaltered  by  ammonia ;  the  feiric  salt  is  a  dull  brownish-red  powder. 

2:4:5:   1-Tetraiodo-Z  :  6   :    ^-trihydroxyxanthylbenzene-^-carboxy- 
lactone-A  :  5-dicarboxylic  Acid  {^Tetraiododiresorcinolpyrom^llitein), 


CjgHgOgl^. 


0 


OH/   Y     1        lOH 

^ — \ 

CO,H^^ 

CO2H 

Eight  grams  of  trihydroxyxanthylbenzenecarboxylactonedicarboxylic 
acid  are  dissolved  in  30  c.c.  of  a  20  per  cent,  caustic  potash  solution. 
This  solution  is  boiled,  and  to  it  a  boiling  solution  of  50  grams  of 
iodine  in  100  c.c.  of  10  per  cent,  caustic  potash  is  slowly  added. 
The  whole  is  then  boiled  for  ten  minutes  and  allowed  to  cool,  when 
the  iodo-compound  separates  out  and  is  filtered  off,  washed  thoroughly 
with  hot  water,  dissolved  in  dilute  caustic  potash,  and  fractionally, 
precipitated  by  addition  of  hydrochloric  acid.     On  analysis  : 

Preparation       I.  0  3855  gave  03918  Agl.     1  =  54-93. 

II.  0-2554     „     0-2608  Agl.     1  =  55-20. 

III.  0-2459     „     0-2520  Agl.     1  =  55-39. 

Mean  1  =  5517. 

C22lIgOgl4  requires  1  =  54-96  per  cent. 

This  substance  is  a  dark  red,  amorphous  powder,  which  decomposes 
without  melting  at  187°  with  evolution  of  vapours  of  iodine.  It  is 
insoluble  in  water,  concentrated  hydrochloric  acid,  and  nearly  all 
organic  solvents,  but  slightly  soluble  in  concentrated  sulphuric  acid, 
giving  a  light  brown  solution  ;  on  dilution  with  water,  the  red  colour 
appears,  and  the  iodo-compound  is  precipitated.  It  is  fairly  soluble  in 
alcohol,  giving  a   bright  red  solution,  and  readily  so  in  dilute  alkalis 
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or  ammonia,  the  lactone  ring  being  thereby  broken,  and  salts  of  the 
acid  described  below  being  formed.  The  solutions  have  a  fine  deep  red 
colour,  and  on  addition  of  hydrochloric  acid  the  above  lactonic  acid  is 
obtained. 


2:4:5:  7-Tetraiodo-3  :  6  :  9-trihydroxyxanthylbenzene-2  :  4  :  5-tricarb- 
oxylic  Acid,  CgaHjoO^Ql^. 

I      O       I 


This  acid,  like  the  corresponding  bromo-derivative,  exists  only  in 
the  form  of  its  salts.  "When  liberated  from  these,  it  loses  water  and 
forms  the  preceding  lactone. 

The  salts  are  prepared  from  the  lactone  described  above  by  the 
addition  of  alkali,  which  breaks  open  the  lactone  ring. 

The  lithium  and  j^otassium  salts  are  dark  red  powders  having  a 
brilliant  green,  metallic  reflex. 

The  silver  salt,  CooHgO^gl^Agg,  is  a  blood-red  powder  soluble  in 
ammonia.  Glacial  acetic  and  dilute  nitric  acids  dissolve  it  and  pre- 
cipitate the  lactone.     On  analysis  : 

Preparation       I.  0-2020  gave  0-1617  Ag.      Ag  =  36-78. 
„  11.0-2151     „     0-1718  Ag.     Ag  =  36-69. 

„  II.  0-1891     „     0-1509  Ag.     Ag  =  36-66. 

„  III.  0-1910     „     01526  Ag.     Ag  =  36-70. 

Mean  Ag  =  36-71. 
Q^^rP^^^Ag.^  requires  Ag  =  36*54  per  cent. 

The  copjier,  larium,  cobcdt,  lead,  ferrous,  and  chromium  salts  are 
blood-red  powders,  the  copper  and  barium  salts  being  unaltered  by 
ammonia.     The  ferrous  salt  is  dark  orange-red. 
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II.  DixaiUhyl  Derivatives. 

3  :  3'  :  6  :  6'  :  9  :  ^' - Hexahydroxy-TQ.-dixmithylbenzene-2  : 4  :  5  :  G-tetracarb- 
oxylic  Acid  {Tetraresorcinol-mellitein),  C^gHggO^g, 

O 


is  prepared  by  heating  a  finely-powdered  mixture  of  12*5  parts  of 
mellitic  acid  and  8  parts  of  resorcinol  to  160°  for  eight  hours.  After 
cooling,  the  mass  is  boiled  with  water  and  filtered,  the  residue  being 
dissolved  in  alcohol,  filtered,  and  the  condensation  product  precipitated 
from  the  alcoholic  solution  by  dilution  with  water.  The  precipitate  is 
separated  and  purified  by  repeated  fractional  precipitation  from  its 
alcoholic  solvation  by  addition  of  water,  the  purified  product  being 
dried  at   100°.     On   analysis  : 

I.*  0-1112  gave  0-2488  COo  and  0-0319  H^O.     C  =  61-02;  H  =  3-19. 
II.     0-2887    „     0-6421  CO2    „     0-0855  H2O.     C  =  60'65 ;  H  =  3-29. 
III.     0-1190    „     0-2660  CO2    „     0-0353  H^O.     C  =  60-96 ;  H-3  29. 
Mean  C  =  60-88;  H  =  3-26". 
CggHggOig  requires  C  =  60'83;  H  =  3-12  per  cent. 

The  substance  is  a  dark  yellow,  amorphous  powder  which  decom- 
poses above  300°  without  melting  and  dyes  silk  and  wool  a  brownish- 
yellow.  It  is  insoluble  in  cold  water,  ether,  benzene,  or  chloroform, 
slightly  soluble  in  boiling  water,  ethyl  acetate,  phenol,  or  concen- 
trated hydrochloric  acid,  and  fairly  so  in  glacial  acetic  acid,  from 
which  solution  it  is  precipitated  on  dilution  with  water.  It  is  very 
soluble  in  acetone,  giving  a  red  solution,  from  which  the  acid  is  not 
readily  precipitated  on  dilution  with  water.  The  substance  is 
readily  soluble  in  aniline  or  alcohol,  giving  reddish-brown  solutions 
having  an  intense  green  fluorescence.  On  diluting  the  alcoholic 
solution  with  water,  the  acid  is  precipitated.  It  is  also  readily 
soluble  in  concentrated  sulphuric  acid,  and  is  precipitated  unchanged 
on  dilution. 

In  dilute  potassium  hydroxide  or  ammonia  it  is  exceedingly  soluble, 
*  See  footnote  on  ji.  1796. 
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giving  reddish-brown  solutions  having  a  most  intense  greeu  fluor- 
escence even  when  extremely  dilute.  Fi'om  these  solutions  the  acid  is 
precipitated  on  acidifying. 

The  ammonium  salt,  prepared  by  adding  excess  of  ammonia  to  the 
acid  suspended  in  water,  boiling,  filtering,  and  evaporating  the  solu- 
tion to  dryness,  first  on  the  water-bath  and  finally  in  a  vacuum  desic- 
cator over  concentrated  sulphui'ic  acid,  is  a  brownish-yellow  powder 
readily  soluble  in  water. 

The  lithium  and  j^otassium  salts  were  prepared  by  boiling  an  excess 
of  the  acid  with  dilute  aqueous  solutions  of  the  alkalis,  separating  the 
unchanged  acid,  and  evaporating  the  solutions  to  dryness  on  the 
water-bath.  These  salts  are  dark  reddish-brown  powders  having  a 
green,  metallic  reflex.  They  are  readily  soluble  in  water,  and  the 
solutions  have  an  intense  green  fluorescence. 

The  silver  salt,  CggHjgOj^Ag^,  is  a  yellowish-orange  precipitate 
which  is  faii^ly  stable  to  heat  and  light.  It  is  soluble  in  ammonia  ; 
dilute  nitric  acid  and  glacial  acetic  acid  dissolve  the  salt  with  separation 
of  the  acid.     On  analysis  : 

Preparation     I.  0-2137  gave  0-0814  Ag.     Ag  =  3809. 
II.  0-2579     „     0-0983  Ag.     Ag  =  38-ll. 
Mean  Ag  =  38-10. 
Cg^HjgOjgAg^  requires  Ag  =  37*94  per  cent. 

The  copper,  lead,  and  mercuric  salts  are  precipitated  as  yellowish- 
orange  powders. 

The  barium  salt  is  a  light  yellow  powder  slightly  soluble  in  water ; 
on  addition  of  ammonia  the  colour  becomes  darker. 

The  cobalt,  ferric,  SiXidi  ferrous  salts  are  dark  reddish-orange  powders. 

2  :  2' :  4  :  4' :  5  : 5' :  7  :  7'-Octabromo-3  :  3' :  6  :  6' :  9  :  9'-hexahyclroxy  -  m  -di- 
xanthylbemene  -2:4:5:  Q-teiracarboxylic      Acid     {Octabromotetra- 
resorcinvl-mellitein),     CggHj^OigBr^. 
Br     O      Br 


OH/  ^ 

1        1 

^OH 

^V 

1        1 

/^'"  Br  OH 

COgH 

C-OH        /- 

[/^^GO.H  V 
[I^^C(OH)/ 

> 
> 

COoH 

COJI 

<_ 

\bv 

Br  OH 

The  foregoing  compound  is  suspended    in    glacial  acetic  acid  and  an 
excess  of  bromine  gradually  added.     After  allowing  the  mixture  to 
VOL.   LXXXIX.  6   C 
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stand  for  24  hours,  it  is  heated  on  a  water-bath  for  an  hour,  allowed 
to  cool,  and  poui-ed  into  a  large  quantity  of  water.  The  light  red 
bromo-compound  is  separated  and  washed  thoroughly  with  boiling 
water,  dissolved  in  as  small  a  quantity  of  alcohol  as  possible,  filtered, 
and  the  alcoholic  solution  poured  into  water.  The  octabromo-deriva- 
tive  is  precipitated  from  alcohol  as  a  deep  red,  amorphous  precipitate 
which  is  purified  by  fractional  precipitation.     On  analysis  : 

Preparation    I.  0-2065  gave  0-2307  AgBr.     Br  =  47-54. 
II.  0-2173     „     0-2432  AgBr.     Br  =  47-61. 

Mean  Br  =  47-58. 
CggH^j^O^gBrg  requires  Br  =  47'68  per  cent. 

It  is  a  dark  orange-red,  amorphous  powdei",  which  on  rapid  heating 
commences  to  decompose  at  205°.  It  dyes  silk  and  wool  pink.  It  is 
insoluble  in  water,  benzene,  chloroform,  or  hydrochloric  acid,  but 
slightly  soluble  in  ether  or  ethyl  acetate,  and  easily  so  in  acetone, 
phenol,  aniline,  or  alcohol.  The  alcoholic  solution  is  deep  red,  and 
shows  an  intense  brown  fluorescence ;  on  dilution  with  water  the  acid 
is  precipitated.  The  substance  is  fairly  soluble  in  glacial  acetic  acid 
or  concentrated  sulphuric  acid,  from  which  solutions  it  is  precipitated 
on  dilution.  It  dissolves  readily  in  dilute  potassium  hydroxide  or 
ammonia,  giving  a  deep  blood-red  solution  having  a  brown  fluores- 
cence ;  from  these  solutions  the  compovind  is  precipitated  on 
acidification. 

The  potassium  salt  is  a  bright  red  powder  having  a  bronzy-green, 
metallic  reflex.  The  lithium  salt  is  a  deep  red  powder  having  a  bronze 
reflex.  The  silver  salt,  CggHgO^gBrgAgg,  is  a  deep  red  powder  which 
is  fairly  stable  to  heat  and  light.  It  is  insoluble  in  water,  but 
dissolves  instantly  in  ammonia.  Dilute  nitric  or  glacial  acetic  acids 
dissolve  the  salt  with  separation  of  the  acid.     On  analysis  : 

0-3661  gave  0-2518  AgBr.  Ag  =  39-50. 
0-3390  „  0-2328  AgBr.  Ag  =  39-44. 
0-2131  „  0-1467  AgBr.  Ag  =  39-54. 
0-1812  „  0-1236  AgBr.  Ag  =  39-18. 
Mean  Ag  =  39-42. 
CggHgOjgBrgAgg  requires  Ag  =  39-30  per  cent. 

The  barium,  lead,  cobalt,  coj^^er,  ferrous,  and  chromium  salts  are 
precipitated  as  bright  red  powders,  the  barium  and  copper  salts  being 
unaltered  by  ammonia. 

The  ferric  salt  is  obtained  as  a  brownish-red,  gelatinous  precipitate. 


Preparation 

I. 

» 

II. 

5» 

III. 

» 

lY. 
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3  :  3' :  G  :  6'  :  9  :  %' - Hexahydroxy  -  p  -  iUxanthylbenzene-'2  :  3  ;  5  :  G-tttra- 
carboxylic  Acid  {Tetraresorcinol-mellitein),  CggHgoOj^. 

O 


COgH 
COoH 


OHl     A     k     JOH 


This  is  prepared  by  heating  16  parts  of  jo-diethyl  mellitate  with  17"6 
parts  of  resorcinol  to  150°  for  8  hours.  The  hard  mass  is  powdered, 
dissolved  in  concentrated  aqueous  caustic  potash,  and  heated  on  the 
steam-bath  for  3  hours  to  saponify  the  ester. 

Tlie  solution  is  neutralised  with  hydrochloric  acid,  evapoi-ated  to 
dryness,  and  the  residue  extracted  with  alcohol.  The  condensation 
product  is  precipitated  from  its  alcoholig  solution  by  water  and 
purified  by  repeated  fractional  precipitation.     On  analysis  : 

I.*  0-1698  gave  0-3790  CO.,  and  0-0500  HgO.     C  -  60-87  ;  H  =  3-30. 
II.     0-2153     „     0-4816  CO.^    „    00628  H.,0.     C  =  61-00 ;  H  =  3-24. 
Mean  0=^60-94;  H  =  3-27. 
CgijHooO^g  requires  C  =  60-83  ;  H  =  3-12  per  cent. 

The  substance  is  a  dark  yellowish-orange,  amorphous  powder,  de- 
composing without  melting  above  300°,  and  dyes  silk  and  wool  yellow. 
It  is  insoluble  in  ether,  benzene,  or  chloroform,  slightly  soluble  in 
phenol,  ethyl  acetate,  or  concentrated  hydrochloric  acid,  giving  light 
reddii<h-brown  solutions,  and  in  water  giving  a  light  yellow  solution 
having  a  most  intense  green  fluorescence.  It  is  fairly  soluble  in 
aniline  or  glacial  acetic  acid,  giving  deep  red  solutions,  and  exceedingly 
so  in  acetone  or  alcohol,  giving  with  the  latter  a  reddish-brown 
solution  having  an  intense  green  fluorescence ;  on  addition  of  water 
to  a  concentrated  solution  the  acid  is  precipitated.  The  compound  is 
also  soluble  in  dilute  caustic  alkali  or  ammonia,  the  solutions  having 
an  intense  green  fluorescence.  On  acidifying  these  solutions  the  acid 
is  precipitated. 

The  ammonium  salt  is  a  dark  brown  powder  having  a  dark  green 
metallic  reflex. 

*  See  footnote  on  p.  179(3. 

6  c  2 
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The  ■potussium  and  lithium  salts  are  very  dark  reddish-brown 
powders  having  a  dark  green,  metallic  reflex.  They  are  very  soluble 
in  water,  giving  reddish-brown  solutions. 

The  silver  salt,  CggHjgOjgAg^,  is  a  reddish-orange  powder,  having  a 
nearly  black,  metallic  reflex.  It  is  fairly  stable  to  heat  and  light,  and 
dissolves  instantly  in  ammonia.  Dilute  nitric  or  glacial  acetic  acids 
dissolve  the  salt  with  separation  of  the  free  acid.     On  analysis  : 

Preparation      I.  0-1859  gave  0-0699  silver.     Ag  =  37-50. 

I.  0-2128     „     0-0800      „         Ag  =  37-59. 

II.  0-1316     „     0-0496      „         Ag  =  37-68. 

Mean  Ag  =  37-59. 

CggHjgOjgAg^  requires  Ag  =  37-94  per  cent. 

The  coj^per  salt  is  a  greenish-yellow  precipitate,  turning  darker  in 
colour  on  addition  of  ammonia. 

The  barium  salt  is  a  yellowish-orange  powder. 

The  cobalt,  lead,  ferrous,  chroiniuvi,  and   mercuric  salts  are   heavy 
brown  powders,  the  ferric  salt  being  dark  yellowish-orange. 
2  :  2' :  4  :  4' :  5  :  5' :  7  :  7'  -  Octabromo  -  3  :  3' :  6  :  6' :  9  :  Q'-hexahydroxy  -  p- 
dixanthylbenzenetelracarboxylic      Acid      (Octabromoietraresorcinol- 
mellitein),  CggHj^O^gBrg. 

Br    0      Br 


Br    0      Br 


This  is  prepared  by  suspending  the  foregoing  acid  in  glacial  acetic 
acid  and  adding  excess  of  bromine.  After  allowing  to  stand  24 
hours,  the  mixture  is  heated  on  the  water-bath  for  one  hour,  allowed 
to  stand  overnight,  and  poured  into  water.  The  precipitate  of  the 
bromo-compound  is  separated  and  thoroughly  washed  with  boiling 
water,  dissolved  in  a  small  quantity  of  alcohol,  filtered,  and  the 
compound  precipitated  from  its  alcoholic  solution  by  the  addition  of 
water.  It  is  further  purified  by  fractional  precipitation.  On 
analysis  : 
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Preparation      T.  0-3216  gave  0-3621  AgBr.     Br  =  47-91. 

II.  0-2070     „     0-2310  AgBr.     Br  =  47-48. 

III.  0-4951     „     0-5528  AgBr.     Br  =  47-51. 

Mean  Br  =  47-63. 
Cg^Hj^OjgBrg  requires  Br  =  47'68  per  cent. 

The  compound  is  a  dark  reddish- brown,  amorphous  powder,  which 
on  rapid  heating  commences  to  decompose  at  260°.  It  dyes  silk  and 
wool  a  brownish-pink.  It  is  insoluble  in  water,  chlorofoi'm,  benzene, 
or  concentrated  hydrochloric  acid,  and  readily  soluble  in  ethyl  acetate, 
phenol,  acetone,  aniline,  or  alcohol,  which  latter  gives  a  blood-red 
solution  having  a  brown  fluorescence,  the  compound  being  precipitated 
on  addition  of  water.  It  is  also  soluble  in  concentrated  sulphuric 
acid,  being  precipitated  on  dilution  with  water,  and  very  soluble  in 
dilute  caustic  alkalis  or  ammonia,  giving  deep  blood-red  solutions 
having  a  brownish-green  fluorescence ;  on  acidifying,  the  compound  is 
precipitated.  When  obtained  in  this  way  from  acetic  acid,  it  is 
dark  orange-red,  whilst  fi'om  alcohol  it  is  dark  reddish-brown. 

The  potassium  and  lithium  salts  are  dark  red  powders  having  a 
dark  red,  metallic  reflex,  and  are  very  soluble  in  water,  giving  a  blood- 
red  solution. 

The  silver  salt,  CggllgO^gBrgAgg,  is  a  dark  red  powder  with  a 
brownish-violet  reflex.  It  is  readily  soluble  in  ammonia  :  dilute  nitric 
or  glacial  acetic  acids  dissolve  the  salt  with  separation  of  the  free 
acid.     It  is  very  stable  to  heat  and  light.     On  analysis  : 

Preparation      I.     0-1767  gave  0-1203  AgBr.     Ag  =  39-10. 

II.     0-1987     „     0-1350  AgBr.     Ag  =  39-02. 

III.     0-1358     „     0-0926  AgBr.     Ag  =  39-17. 

Mean  Ag  =  39-10. 
CggHgOjgBrgAgg  requires  Ag  =  39-30  per  cent. 

The  copper,  barium,  cobalt,  lead,  sxn^  ferrous  salts  are  precipitated  as 
bright  red  powders,  the  copper  and  barium  salts  being  unaltered  by 
ammonia.  The  ferric  and  chroviium  salts  are  deep  brownish-red 
powders. 
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III.  Trixanthyl  Derivatives.  [With  Walter  Hamis  Glover,  Ph.D.] 

3'  :  3"  :  6  :  6'  :  6"  :  9  :  9'  :  'd" - Nonahydroxy  ■  sym  -  trixanthylhenzene- 
2:4:  Q-tricarhoxylic  Acid   {Ilexaresorcinol-mellitein),  C^gHgQO^g. 


HO  OH 


This  compound  is  obtained  by  heating  a  mixture  of  17  parts  of  mellitic 
acid  and  33  parts  of  resorcinol  to  160°  for  eight  hours.  Coadensation 
rapidly  occurs,  the  fused  mass  gradually  thickening,  and  becoming 
solid  and  almost  black  in  colour.  The  fusion  is  extrai  ted  with  dilute 
aqueous  caustic  potash,  and  the  condensation  product  precipitated 
with  acid  and  puriBed  by  repeated  fractional  precipitation  from  its 
alcoholic  solution  by  the  addition  of  water.      On  analysis  : 

L*  0-1783  gave  0-4219  CO.^  and  00550  HoO.    C  =  64-53;  H  =  3-42. 
II.     0-2103      „     0-4981  COo     „    0-0658  H2O.    C  =  64-60  ;  H  =  3-47. 
III.     0-2100      „     0-4991  CO2     „    00657  H,0.    0  =  64-81 ;   H==  3-47. 
Mean  0  =  64-65;  H  =  3-45. 
C^gHgQOjg  requires  0  =  64-42  ;  H  =  3*35  per  cent. 

The  acid  is  a  yellowish-orange,  slightly  hygroscopic,  amorphous 
powder,  which  decomposes,  without  melting, abo^e  3'>0°.  It  dyes  silk  and 
wool  brownish-yellow.  It  is  insoluble  in  cold  water,  ether,  benzene, 
chloroform,  or  ethyl  acetate,  slightly  soluble  in  phenol  or  concentrated 
hydrochloric  acid,  and  readily  so  in  aniline,  acetone,  or  alcohol,  giving 
with  the  latter  a  yellow  solution  having  a  most  intense  green 
fluorescence.  It  is  fairly  soluble  in  glacial  acetic  acid,  from  which 
solution  it  is  precipitated  on  dilution.  With  concentrated  sulphuric 
acid  it  gives  a  dark  red  solution,  from  which  the  acid  is  precipitated 
unaltered  on  dilution  with  water. 

In  dilute  caustic  alkalis  or  ammonia  it  is  very  soluble,  giving  a 
green  fluorescence  even  in  extremely  dilute  solutions.  On  acidifying 
these  solutions,  the  compound  is  precipitated. 

The  ammonium   salt  is  a  reddish-yellow  powder   having   a  green, 

*  See  footnote  on  p.  1796. 
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metallic  reflex.     The  potassium  and  lithium  salts  are  dark  orange-red 
powders  having  a  green  reflex. 

The  silver  salt,  C^sH27()jgAg3,  is  a  buff-coloured  powder,  readily 
soluble  in  ammonia.  Dilute  nitric  or  glacial  acetic  acids  dissolve  the 
salt  with  separation  of  the  acid.  It  is  fairly  stable  to  heat  and  very 
stable  to  light.     On  analysis  : 

Preparation    I.     0-3127  gave  00793  Ag.     Ag  =  25-36. 
11.     0-2009     „     0-0511  Ag.     Ag  =  25-43. 
Mean  Ag  =  25-40. 
C^gHg^Ojg  A  gg  requires  Ag  =  25-51  percent. 

The  copper  J  cobalt,  barium,  lead,  and  mercuric  salts  are  precipitated 
as  reddish-orange  powders. 

The  ferric,  ferrous,  and  chromium  salts  are  brown. 

2  :  2'  :  4  :  4'  :  5  :  5'  :  7  :  I'-Dodecabromo-S  :  3'  :  3"  :  6  :  6'  :  6"  :  9  :  9'  :  9"- 
Twnahydroxy  -  sym  -  trixanthylbenzene  -2:4:  ^tricarboxylic  Acid 
{Dodecabromohexaresnr'cinol-m,ellitein),   C^gH^gOjgBr^,,. 

Br    O      Br 


OFT/    Y      1        P^ 
HO  Br  ^'X/X/X/^""  Br 

OH 

Br/~\                 C-OH         /- 

\"Rr 

\_/    COoHf/^YcO^H  \- 
0/       \(HO'')Cl        IqOH)/ 

> 

Br/~\               CO,H        /- 

^■Rr 

^\_/                                 \_ 

^Br 

HO  Br                                     Br 

OH 

The  foregoing  acid  is  dissolved  in  glacial  acetic  acid,  excess  of 
bromine  added,  and  the  mixture  boiled  for  six  hours,  allowed  to 
stand  overnight,  then  poui-ed  into  water.  The  precipitate  is  thoroughly 
washed  with  boiling  water  and  purified  by  exhaustive  fractional 
precipitation  from  its  alcoholic  solution  by  the  addition  of  water.  On 
analysis  : 

Preparation      I.     03161  gave  0-3892  AgBr.     Br  =  52-39. 
„  II.     0-1893     „     0-2331  AgBr.     Br  =  52-39. 

„  III.     0-2912     „     0-3590  AgBr.     Br  =  52-46. 

Mean  Br  =  52-41. 
^48^i8^i8^''i2  requires  Br  =  52-08  per  cent. 

The  substance  is  a  dark  red,  amorphous  powder,  which  on  rapid 
heating  froths  up  at  210°.  It  dyes  silk  and  wool  red,  with  a  tinge  of 
violet.     It   is    insoluble    in    water,   benzene,  ether,  ethyl    acetate,  or 
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concentrated  hydrochloric  acid,  slightly  soluble  in  glacial  acetic  acid 
or  concentrated  sulphuric  acid  ;  the  latter  solution  is  yellow,  and  on 
dilution  the  compound  is  precipitated  unaltered. 

It  is  very  soluble  in  acetone,  phenol,  or  alcohol,  giving  with  the 
latter  a  dark  red  solution  having  a  brown  fluorescence;  on  dilution, 
the  acid  is  precipitated  as  a  dark  red  powder.  In  dilute  caustic 
alkalis  or  ammonia  it  is  exceedingly  soluble,  forming  dark  crimson 
solutions  having  a  brown  fluorescence,  and  on  acidifying  the  com- 
pound is  precipitated. 

The  potassium  and  lithium  salts  are  dark  red  powders,  having  a 
dark  red,  metallic  reflex. 

The  silver  salt,  C^gHpO^gBr^g-^go'  is  a  dai-k  violet-red  powder,  which 
becomes  still  darker  on  heating.  It  is  readily  soluble  in  ammonia : 
dilute  acids  dissolve  the  salt  with  separation  of  the  acid.   On  analysis  : 

Preparation      I.     0-2568  gave  0-1542  AgBr.     Ag  =  34-50. 

„  I.     0-2007     „     0-1205  AgBr.     Ag  =  34-49. 

II.     0-1081      „     0-0648  AgBr.     Ag  =  34-43. 

Mean  Ag  =  34-47. 
C^gHgOjgBrjgAgg  requires  Ag  =  34-64  per  cent. 

The  bariuin,  chromium,  cobalt,  copper,  and  lead  salts  are  blood-red 
powders.  The  barium  salt  is  unaltered  by  ammonia,  but  the  copper 
salt  becomes  reddish-violet. 

The  yen-/c  axi.6.  ferrous  salts  are  brownish-red. 

2  :  2' :  2"  :  4  :  4'  :  4"  :  5  :  5' :  5"  :  7  :  7' :  1"-Dodecaiodo-S  :  3'  :  3"  :  6  :  6'  :  6"  :- 
9:9':  %" -nonahydroxy-ayva-  trixanthylbenzene-2  :  4  :  ^-tricarboxylic 
Acid  (Dodecaiodohexareso7'cinol-meUitein),  C^gHjgO^gljg. 


8  9  Parts  of  nonahydroxy-s?/?>?-trixanthylbenzenetricarboxylic  acid  are 
dissolved  in  40  parts  of  50  per  cent,  aqueous  caustic  potash  and  heated 
to  boiling  ;  60  parts  of  iodine  are  dissolved  in  15  parts  of  aqueous 
caustic  potash  and  added  slowly  to  the  hot  liquid,  the  temperature 
being  allowed  to  rise.     When   all  the   iodine   solution  is  added,  the 
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mixture  is  boiled  for  ten  minutes,  then  allowed  to  cool,  when  the  iodo- 
compound  separates.  The  product  is  filtered  off  and  purified  by  repeated 
fractional  precipitation  from  its  solution  in  caustic  potash  by  the 
addition  of  acid.     On  analysis  :' 

Preparation    I.     0-2109  gave  0-2455  Agl.     I  =  62-91. 
II.     0-1592     „     0-1859  Agl.     1  =  63-11. 
Mean  1  =  63-01. 
0^gHjgOjgIj2  requires  1  =  63-33  per  cent. 

The  compound  is  a  dark  orange-red,  amorphous  powder,  which  when 
rapidly  heated  loses  iodine  at  255°,  and  on  further  heating  decom- 
poses completely  without  melting.  It  dyes  silk  and  wool  pink.  It 
is  insoluble  in  ether,  benzene,  chloroform,  ethyl  acetate,  or  con- 
centrated hydrochloric  acid,  slightly  soluble  in  glacial  acetic  acid  or 
alcohol,  giving  orange  solutions,  and  fairly  so  in  acetone  or  phenol, 
giving  deep  red  solutions.  It  is  very  soluble  in  aniline,  slightly  so 
in  concentrated  sulphuric  acid,  and  readily  so  in  dilute  aqueous 
caustic  potash,  giving  a  fine  deep  red  coloured  solution,  from  which 
the  acid  is  precipitated  on  acidifying. 

The  potassium  and  lithium  salts  are  very  dark  red  powders,  readily 
soluble  in  water,  giving  deep  red  solutions. 

The  silver  salt,  C^gHgO^gl^gAgg,  forms  a  heavy,  deep  red  precipitate, 
which  dries  to  a  dark  violet-red  powder  having  a  violet  reflex.  It 
is  soluble  in  ammonia  :  dilute  acids  dissolve  the  salt  with  separation 
of  the  acid.     It  is  fairly  stable  to  heat  and  light.     On  analysis  : 

Preparation      I.     0-1258  gave  0-0797  Agl.     Ag  =  29-ll. 

II.     0-1551     „     0-0983  Agl.     Ag=  29-13. 

III.     0-2119     „     0-1339  Agl.     Ag=  29-03. 

Mean  Ag  =  29-09. 
C^gHgOjgljgAgg  requires  Ag  =  28-85  per  cent. 

The  copper',  barium,  lead,  cobalt,  ferrous,  and  chromium  salts  are 
precipitated  as  heavy,  bright  red  powders,  the  copper  and  barium  salt 
being  unaltered  by  ammonia.     The/erHc  salt  is  dull  reddish- orange. 

PiiivATE  Laboratory. 
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CLXXIV. — TJiiocarhonic  Acid  and  some  of  its  Salts. 

By  Ida  Guinevere  O'Donoghue,  B.Sc,  and  Zelda  Kahan,  B.Sc. 

By  the  interaction  of  aqueous  solutions  of  hydrosulphides  and  carbon 
disulphide,  Berzelius  (Trans.  Acad.  Roy.  Stockholm,  1826,  Ann.  Fhys. 
Chem.,  1826,  6,  425)  obtained  unstable  solutions  of  a  number  of  metallic 
derivatives  of  thiocarbonic  acid  which  yielded  unstable  crystalline  salts. 
These  on  distillation  evolved  carbon  disulphide,  and  left  a  residue  of 
sulphide,  their  constitution  being  deduced  from  the  method  of  forma- 
tion according  to  the  equations  : 

2KHSAq  +  CS.,  =  KgCSgAq  +  H2S. 
CaH.So  Aq  +  Ci  =  CaCSgAq  +  H^S. 

By  the  action  of  hydi'ochloric  or  sulphuric  acids  on  the  dry  salts,  a  red 
oil  was  obtained  which  rapidly  decomposed,  and  was  similar  to  the  one 
discovered  and  described  by  Zeise  in  1824,  who  found  it  to  be  equally 
unstable.  In  1862,  Berzelius'  experiments  were  repeated  by  Huseman 
(^Annalen,  123,  67),  who  also  prepared  complex  salts  of  the  thio- 
carbonates,  ?socyanates,  &c.,  which  were  more  stable.  Sestini  {Gazzetta, 
1871,  1,  473),  during  some  experiments  on  the  solubility  of  carbon 
disulphide  in  water,  exposed  calcium  hydroxide,  carbon  disulphide,  and 
water  to  sunlight  for  some  time.  The  mixture  reacted  slowly,  and  the 
red  solution  gave  crystals  to  which  he  assigned  the  formula 
CaCS3,3CaH202,7H20. 

Similarly,  "Walker  {Chem.  News,  1874,  30,  28)  obtained  a  basic  thio- 
carbonate  to  which  he  gave  the  formula  CaCS3,2CaH202,6H20.  A  salt 
similar  to  this,  but  containing  lOHgO,  was  obtained  by  a  different 
method  by  Veley  (Trans.,  1885,  47,  478),  who  also  repeated  Berzelius' 
and  Zeise's  experiments  with  very  similar  results.  Amongst  other 
basic  thio carbonates,  he  also  obtained  deliquescent,  red  crystals  which 
corresponded  to  the  formula  CaH20.„CaCS3,7H20.  It  will  be  seen, 
therefore,  that,  although  much  work  has  been  done  on  the  thio- 
carbonates,  the  solid  normal  salts  have  been  but  little  investigated,  if 
indeed  they  have  been  obtained  at  all,  and  owing  to  their  instability 
their  constitution  has  been  inferred  merely  from  their  methods  of 
formation,  namely  : 

KgCSgAq  +  Pb(Ac)2  =  PbCSg  +  2KAc,Aq. 

The  experiments  to  be  described  below  were  undertaken  at  the 
suggestion  of  Sir  William  Ramsay,  and  hj^d  for  their  aim  the  formation 
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of  the  pure  normal  thiocarbonates  and  the  elucidation  of  their  con- 
stitution. It  is  extremely  difficult  to  deal  quantitatively  with  the 
normal  salts  owing  to  their  instability,  but  the  ratios  of  their  elements 
have  been  determined. 

Thiocarbonic  acid  has  been  prepared  in  considerable  quantities.  It 
has  been  analysed  and  its  properties  investigated,  and  very  nearly  pure 
metallic  thiocarbonates  have  been  prepai-ed  from  it.  Their  analyses 
prove  the  acid  to  have  the  constitution  H0CS3. 

Preparation  of  Calcium  Thiocarhonate  in  Solution. — This  substance 
was  prepared  by  shaking  together  calcium  hydrosulphide,  carbon  di- 
sulphide,  and  air-free  water  in  a  well-stoppered  bottle  as  nearly  full  as 
possible.  An  orange  solution  was  obtained  which  always  contained 
polysulphides.  Various  attempts  were  made  to  free  the  solution  from 
the  latter,  the  most  successful  being  the  addition  of  cai'bon  di- 
sulphide  and  calcium  hydroxide  in  small  quantities,  and  shaking  (often 
for  several  days),  until  the  solution  no  longer  gave  a  black  precipitate 
with  lead  acetate.  Such  a  solution  was  red  and  quite  stable  when 
kept  out  of  contact  with  air,  but  when  exposed  to  the  atmosphere  it  at 
first  slowly  deposited  red  or  orange,  needle-shaped  crystals,  then  gradu- 
ally became  paler  in  colour,  giving  rise  to  a  variety  of  products,  amongst 
which  were  identified  sulphur,  carbonates  and  sulphides.  The  solution 
had  a  peculiar  odour,  and  with  solutions  of  the  salts  of  the  heavy 
metals  yielded  characteristic  coloured  precipitates,  which  decomposed 
in  air  and  could  not  be  dried. 

By  complete  evaporation  in  a  vacuum,  a  crystalline  mass  was 
obtained  which  was  only  partially  soluble  in  water  and  was  mixed 
with  some  white  and  green  substance.  The  soluble  portion  consisted 
of  either  basic  or  normal  calcium  thiocarhonate,  since  it  gave  with  lead 
acetate  the  characteristic  bright  red  lead  thiocarhonate.  On  at- 
tempting to  obtain  crystals  again  by  re-evaporating  in  a  vacuum, 
there  only  resulted  a  mixture  of  white  and  green  substances. 

By  evaporating  a  solution  of  calcium  thiocarhonate  to  a  small  bulk  in 
a  vacuum,  long,  red,  and  sometimes  orange,  needles  were  obtained,  the 
colour  of  which  gradually  faded  in  air.  They  were  completely  insoluble 
in  water,  and  became  colourless  on  heating  on  a  platinum  foil  in  a  dry 
test-tube  or  in  water.  Although  these  crystals  seem  to  resemble  in 
some  respects  those  obtained  by  Berzelius,  Sestini,  Walker  and  Veley, 
analysis  shows  them  to  correspond  to  the  formula 

2CaCS3,5CaH2O2,10H,O. 
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Walker.  Veley.  Sestini. 

2CaCS3,5CaH2O2>10H2O.    CaCSo,2CaH202,  CaCS3,CaH202,  CaCS3,3CaH20, 
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By  adding  alcohol  to  the  red  solution  and  shaking,  minute,  crystalline, 
yellow  plates  were  slowly  precipitated.  When  freshly  prepared,  they 
were  soluble  in  water,  but  on  standing  they  gradually  turned  white,  at 
the  same  time  becoming  moi-e  and  more  insoluble.     Analysis  gave  : 

Ca  =  29-00;  S  =  17-92;  0  =  2-7;  H  =  4-5.  CaCS3,3CaH202,9H20 
requires    Ca  =  30-00;    S  =  18-04;    C  =  2-30;    H  =  4-50    per   cent. 

Water  of  crystallisation  =  25-5.  The  above  salt  containing  DHgO 
requires  30  per  cent.,  or  with  7H2O,  25*4  per  cent.  Probably  the  last 
2  molecules  of  water  are  difficult  to  remove. 

The  dry  yellow  salt  was  washed  with  liquid  ammonia  in  order  to 
remove  as  much  water  as  possible.  The  substance  obtained  gave  on 
analysis : 

Ca  =  23-0;  S  =  36-9.  CaCS3,3Ca(OH)2,3H20  requires  Ca  =  22-6; 
S  =  37-7  per  cent. 

On  several  occasions,  as  already  mentioned,  a  green  salt  was 
obtained  which  gave  on  analysis  : 

Ca  =  32-50;  S  =  2M  per  cent. 

Enough  of  it  has  never  since  been  prepared  pure  to  enable  the 
determination  of  carbon  and  hydrogen  to  be  made.  This  salt  has  also 
been  found  repeatedly  in  bottles  containing  a  solution  of  calcium  thio- 
carbonate. 

General  Methods  of  Analysis. — The  ordinary  Oarius  method  for 
determining  sulphur  was  found  to  be  the  most  satisfactory,  the  metal 
being  estimated  in  the  same  solution.  In  this  way,  the  ratio  of  metal 
to  sulphur  was  obtained  in  those  cases  in  which  the  salt  could  not  be 
weighed.  A  large  excess  of  nitric  acid,  a  high  temperature,  and 
prolonged  heating  were  required  to  decompose  the  oily  drops  which 
were  often  formed  and  which  resembled  carbon  disulphide,  or  possibly 
thiocarbonic  acid,  in  appearance.  In  the  determination  of  carbon  and 
hydrogen,  the  substance  was  well  mixed  with  freshly- fused  potassium 
dichromate,  lead  chromate- replacing  copper  oxide  in  the  combustion 
tube. 

It  is  evident  that  calcium  thiocarbonate  is  able  to  form  a  large 
number  of  basic  salts,  the  composition  of  which  depends  largely  on  the 
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exact  couditions  of  the  experiment.    The  following  have  been  obtained 
up  to  the  present  : 

1.  CaCS3,2CaH202,6H20  (Walker). 

2.  CaCS3,CaH262,7H,p  (Yeley). 

3.  CaCS3,2CaH2O2,10H2O  (Veley). 

4.  CaCS3,3CaH202,7H20  (Sestini). 

5.  2OaCS3,5CaH2O2,10H2O  (red  needles). 

6.  CaCS3,3CaH262,9H20  (yellow  plates). 

7.  CaCS3,3CaH202,3H20. 

8.  Green  crystals  containing  Ca  =  32*5  and  S  =  21"l  per  cent. 

Thiocarhonic  Acid. — The  above-mentioned  oil  could  scarcely  be 
detected  by  dropping  acid  on  to  the  solid  salts,  but  if  a  test-tube  shaped 
vessel  is  partially  filled  with  concentrated  hydrochloric  acid,  and  a  solu- 
tion of  calcium  thiocarbonate  slowly  dropped  in,  small  drops  of  oil 
speedily  appear  and  fall  to  the  bottom.  It  was  found  best,  however,  to 
cool  both  solutions  previously  in  a  freezing  mixture,  and  to  allow  the  vessel 
to  stand  for  some  time  after  all  the  calcium  thiocarbonate  solution  had 
been  added.  After  an  hour  or  two,  the  liquid  was  decanted,  the  last 
drops  being  separated  with  a  separating  funnel.  The  oil  was  some- 
times washed  rapidly  with  ice-cold  water,  but  usually  it  was  found  best 
to  dispense  with  this  operation.  It  was  then  placed  in  a  small  flask 
surrounded  by  a  freezing  mixture,  calcium  chloride  added,  and  the 
flask  attached  to  a  good  pump  until  bubbles  no  longer  appeared  to  arise 
from  the  oil.  In  this  way  hydrochloric  acid  and  water  were  removed, 
and  the  oil  was  finally  dried  over  phosphorus  pentoxide. 

The  free  acid  is  red  in  colour  and  appears  darker  in  some  prepara- 
tions than  in  others.  It  has  a  peculiar,  pungent  odour,  and  is  soluble 
in  alcohol,  giving  a  yellow  solution  which  decomposes  rapidly  with 
deposition  of  sulphur  and  formation  of  carbon  disulphide  and  hydrogen 
sulphide.  It  is  also  soluble  in  liquid  ammonia,  turpentine,  toluene, 
ether,  or  chloroform,  in  all  of  which  solvents  it  very  soon  decomposes, 
but  is  most  stable  in  the  two  latter.  In  liquid  air  or  solid  carbon 
dioxide  it  forms  a  pink  solid  which  melts  again  to  a  red  liquid  on 
removing  the  refrigerator.  The  acid  is  insoluble  in  water,  but  is  at  once 
decomposed  by  it,  with  evolution  of  hydrogen  sulphide  and  forma- 
tion of  carbon  disulphide  and  sulphur.  This  arlso  occurs  in  a  solu- 
tion of  common  salt.  It  is  much  more  stable  towards  strong  acids, 
especially  hydrochloric  acid,  under  which  it  can  be  kept  for  several 
days  if  cool.  The  coloui^,  however,  gradually  fades,  and  finally  only 
carbon  disulphide  is  left.  In  air,  it  gradually  evaporates,  often  leaving 
a  brownish-black  residue  consisting  largely  of  sulphvu'.  Sometimes  it 
has  been  kept  for  a  few  days  in  a  loosely-stoppered  flask  without  any 
considerable   loss.     The  oil  dis.solves  flowers  of  sulphur  readily  witii 
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a  slight  darkening  in  colour,  and  it  is  possible,  therefore,  that  the 
colour  of  the  oil  is  due  to  dissolved  sulphur.  It  does  not  burn  on 
water  like  carbon  disulphide.  Calcium  and  sodium  carbonates  produce 
effervescence  with  production  of  the  corresponding  thiocarbonate, 

H2CS3  +  NagCOg  =  H.a  +  CO2  +  Na^CS.,. 

Sodium  and  potassium  act  on  the  dry  oil  or  on  its  ethereal  solution. 
Potassium  decomposes  it  very  violently,  giving  an  immediate  yellow, 
crystalline  precipitate  of  potassium  thiocarbonate,  whilst  in  the  former 
case  sodium  thiocarbonate  gradually  separates.  Hydrogen  sulphide  and 
probably  hydrogen  are  evolved  in  both  cases.  Magnesium  powder  has 
apparently  little  action  on  the  oil,  and  on  trituration  with  mercury  a 
red  solid  is  obtained. 

The  oil,  purified  as  described  above,  was  analysed  : 

S  =  (1)  90-16;  (II)  89-41.  HgCSg requires  S  =  87-3,  HgCS^  requires 
S  =  90-14  per  cent. 

The  salts  formed  by  the  oil,  however,  do  not  seem  to  correspond  to 
derivatives  of  HgCS^.  It  is  therefore  more  probable  that  it  consists 
of  HgCSg,  containing  sulphur  in  solution.  An  attempt  was  therefore 
made  to  distil  the  acid  under  diminished  pressure  from  a  flask 
connected  with  two  receivers  surrounded  by  liquid  air. 

The  first  distillate  was  freed  from  hydrogen  sulphide  by  partly  with- 
di'awing  the  liquid  air  and  allowing  the  gas  which  escaped  to  condense 
in  the  second  vessel.  After  standing  in  a  mixture  of  ice  and  salt  for 
a  quarter  of  an  hour,  there  was  no  longer  an  odour  of  hydrogen 
sulphide,  and  an  analysis  gave  : 

S  =  84-0.     CS2  requires  S  =  84-2  per  cent. 

The  distillate  had  all  the  properties  of  pure  carbon  disulphide. 

The  second  receiver  contained  hydrogen  sulphide  and  only  a  few 
drops  of  oil.  In  the  distilling  flask  there  remained  a  brownish-red 
solid  which  was  chiefly  sulphur.  The  temperature  of  distillation 
was  20—30°. 

The  acid  had  thus  decomposed  in  accordance  with  the  equation  : 

H2CS3  +  S  (or  H2CS4)  =  H2S  +  CS2  +  S. 

At  the  ordinary  pressure,  the  oil  distils  at  about  50°  with  de- 
composition. 

With  salts  of  the  heavy  metals  the  oil  gives  the  corresponding  thio- 
carbonates.  The  precipitations  were  usually  carried  ovit  at  the 
temperature  of  solid  carbon  dioxide.  The  oil  was  used  either  alone  or 
in  alcoholic  or  ethereal  solution,  and  the  salt  of  the  weakest  acid 
obtainable    was    usually   employed.      The    salts   thus    prepared    were 
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identical  with  those  obtained  from  a  solution  of  calcium  thiocarbonate, 
but  were  purer  and  darkened  more  slowly. 

The  lead  salt,  PbCSg,  is  precipitated  as  a  bright  red,  amorphous  solid 
which,  when  pure,  only  darkens  slowly  in  air.  This  change,  according 
to  the  equation  PbCSg  =  PbS  +  CS2,  takes  place  more  rapidly  in  an 
evacuated  desiccator,  and  is  quantitative  when  the  salt  is  distilled  in 
hydrogen. 

On  analysis : 

PbS  =  75-5.    PbCSg  requires  PbS  =  75-8  per  cent. 

The  distillation  was  carried  on  in  a  current  of  hydrogen.  The 
freshly-pi-epared  salt  was  placed  in  a  small  flask  and  heated  by  means 
of  an  oil-bath  in  a  current  of  hydrogen.  The  moisture  was  absorbed 
in  a  tube  containing  sulphuric  acid,  and  the  cai-bon  disulphide  in  a 
vessel  immersed  in  liquid  air,  lead  sulphide  being  left  in  the  receiver. 

In  general,  the  lead  salt  turned  black  in  about  half  an  houi^  but 
occasionally  a  very  small  quantity  adhering  to  a  glass  rod  or  at  the 
bottom  of  a  beaker  would  retain  its  colour  for  days,  and  sometimes 
weeks. 

Cadmium  salt. — This  was  obtained  as  a  deep  yellow  precipitate, 
which  on  shaking  changed  to  a  reddish-yellow  and  then  to  a  reddish- 
brown  substance.     The  latter  was  identified  as  cadmium  sulphide. 

On  analysis  : 

Cd  :  S  =  1  -1 0.  CdCSg  requires  a  ratio  of  Cd  :  S  =  1  -16  ;  CdCS^  a  ratio 
ofCd:S  =  0-87. 

After  drying  over  calcium  chloride  : 

Cd  :  S  =  3-03.      CdS  requires  a  ratio  of  Cd  :  S  =  3-50. 

Zinc  salt. — This  is  a  pale  yellow,  insoluble,  crystalline  powder. 
When  freshly  prepared,  it  corresponds  to  ZnCSg,  but  rapidly  decom- 
poses with  formation  of  zinc  sulphide. 

Sodium  salt,  Na^CSg. — This  was  precipitated  by  adding  a  dry, 
freshly-prepared  solution  of  sodium  ethoxide  to  the  oil.  A  yellow, 
crystalline  precipitate  gradually  formed,  which  was  washed  with  cold 
alcohol.  It  is  deliquescent  and  very  easily  soluble  in  water,  giving  a 
yellow  solution,  which,  with  lead  acetate,  gives  the  pure  characteristic 
lead  thiocarbonate  with  no  trace  of  black  colour. 

On  analysis : 

Na  :  S  =  0-48.      NajCSg  requires  the  ratio  Na  :  S  =  0-479. 

On  drying,  the  salt  decomposed  and  a  mixture  of  several  substances 
was  formed. 

Potassium  salt,  KgC-Sg. — This  was  precipitated  by  adding  alcoholic 
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potassium  hydroxide  to  the  oil.  It  resembles  the  sodium  salt,  being 
yellow  and  crystalline,  but  is  more  deliquescent.  The  aqueous  solu- 
tion also  gave  a  precipitate  of  pure  lead  thiocarbonate  with  lead 
acetate.  The  salt  is  very  soluble  in  liquid  ammonia,  and  when  washed 
with  small  quantities  of  this  solvent  the  colour  seemed  to  become 
lighter,  but  darkened  again  on  drying.  On  evaporating  the  ammoniacal 
solution,  pure  potassium  thiocarbonate  was  obtained. 

Ammonium  salt. — (1)  Liquid  ammonia  and  alcoholic  thiocarbonic 
acid,  cooled  in  liquid  ammonia,  gave  a  yellowish-pink  solution,  which, 
on  spontaneous  evaporation,  yielded  a  yellow  precipitate  which  soon 
turned  pink.  "When  allowed  to  remain  overnight  on  a  porcelain  plate 
in  a  desiccator,  it  decomposed.  White,  micaceous  crystals  were  obtained 
on  standing  for  a  short  time,  and  were  identified  as  ammonium  sulphide. 
The  ammoniacal  mother  liquor  also  yielded  white  needles  of  sulphur, 
probably  from  excess  of  sulphur  in  the  oil.  The  yellowish-pink  salt 
was  not  analysed,  but  gave  pure  lead  thiocarbonate  with  lead  acetate, 
and  was  most  probably  ammonium  thiocarbonate. 

Its  decomposition  is  represented  by  the  equations  : 

(NHJ.CSg  =  (NH4)2S  +  CS„ 
and 

(NH4)2CS3  =  2NH3  +  HgS  +  CSg. 

(2)  By  shaking  dry  redistilled  carbon  disulphide  with  a  saturated 
solution  of  ammonia  in  alcohol,  a  pale  yellow,  crystalline  precipitate 
was  obtained  in  about  five  minutes.  It  has  a  peculiar  odour,  rather 
different  from  that  of  the  thiocarbonates.  Lead  acetate  does  not  give 
a  charactei'istic  precipitate,  nor  could  thiocarbonic  acid  be  obtained 
from  it.  When  heated,  it  melts  and  partially  sublimes,  at  the  same 
time  decomposing  and  evolving  hydrogen  sulphide  and  ammonia.  It 
decomposes  very  gradually  in  air,  becoming  moist  in  appearance. 
Analysis  showed  that  it  is  not  ammonium  thiocarbonate,  but  its  in- 
vestigation is  not  yet  completed. 

In  conclusion,  we  wish  to  express  our  thanks  to  Sir  William  Ramsay 
for  the  encouragement  and  help  he  has  given  us  during  the  progress 
of  this  work. 

University  Colleoe, 
London. 


CYANODIHYDROCARVONE   AND   CYANOCARVOMENTHONE.    1S19 


CLXXV. — Derivatives     of     Cyanodiliydrocarvone     and 
Cyaiiocarvomentlione. 

By  Arthur  Lapworth, 

Cyanodihydrocarvone,  the  product  obtained  when  carvone  is  acted  on 
by  potassium  cyanide  (Trans.,  1906,  89,  949),  is  very  readily  converted 
into  its  cyanohydrin.     The  new  substance,  which  has  the  formula 

is  unstable,  being  easily  resolved  by  heat  or  by  the  action  of  alkalis, 
so  that  on  attempting  to  crystallise  it  from  warm  solvents  an  impure 
product  containing  regenerated  cyanodihydrocarvone  is  obtained.  In 
presence  of  small  quantities  of  mineral  acids,  however,  it  becomes 
much  more  stable,  and  can  be  heated  at  temperatures  considerably 
above  its  melting  point  without  appreciable  change. 

The  conversion  of  the  carbonyl  group  of  cyanodihydrocarvone  into 

]>C<^pT^  results  in  the  production  of  a  fourth  asymmetric  carbon  atom 

within  the  molecule,  so  that  sixteen  active  modifications  of  the  cyano- 
hydrin are  possible,  eight  being  derived  from  cZ-carvone.  A  careful 
search  was  made  in  the  hope  of  detecting  the  presence  of  more  than 
one  isomeride  in  the  crude  substance  but  without  success,  all  the 
fractions  appearing  to  be  identical  in  properties.  The  conversion  of 
the  ketonitrile  into  its  cyanohydrin  being  a  reversible  process  under 
the  conditions  employed,  the  separation  of  only  one  of  the  solid 
modifications  is  not  altogether  surprising,  as  they  are  thus  mutually 
intraconvertible,  a  type  of  labile  dynamic  isomerism  being  exhibited. 

The  cyanohydrin,  when  hydrolysed  by  means  of  cold  mineral  acids, 
is  converted  into  a  mixture  of  isomeric  nitrogenous  acids  which  present 
basic  as  well  as  acidic  characters.  These  substances  are  doubtless 
internal  anhydrides  of  aminodicarboxylic  acids  analogous  in  constitution 
to  mesitylic  acid.     Their  structure  is  thus  probably 

CO-CH CH2 

I       CHMe      CH-CMeiCH^. 
NH-C(C02H)-CH2 

When  heated  either  with  strong  acids  or  alkalis  these  compounds 
lose  their  nitrogen  as  ammonia,  and  are  converted  into  a  dicarboxylic 
acid  which  has  the  constitution 
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which  may  be  regarded  as  derived  from  the  original  cyanohydrin  by  the 
conversion  of  the  cyano-  into  carbonyl-groups  and  the  simultaneous 
elimination  of  the  elements  of  water  with  formation  of  an  ethylenic 
carbon  linking.  The  new  compound,  2-methyl-5-iso-propenyl-A'^-tetra- 
hydroisophthcdic  acid,  has  all  the  characters  of  an  acid  with  the  above 
structure,  and,  in  accordance  with  its  representation  as  an  acid  having 
only  one  double  linking  situated  in  the  ayS-position  with  regard  to  a 
carboxyl  group,  it  unites  with  only  two  atomic  proportions  of  hydrogen 
when  reduced  with  sodium  amalgam.  The  product,  2-methyl-5-iso- 
prope7iylhexahydroisophthalic  acid, 

behaves  as  an  unsaturated  compound  towards  bromine  and  potassium 
permanganate. 

The  formula  of  the  tetrahydro-acid,  containing,  as  it  does,  two  asym- 
metric carbon  atoms,  one  of  these  being  that  present  in  the  original 
c?-carvone  from  which  the  compound  was  prepared,  indicates  that  two 
modifications  of  the  acid  might  be  obtained  from  the  dextro-ketone. 
The  substance,  prepared  by  the  above  method,  however,  was  homo- 
geneous, but  on  reduction  to  the  hexahydro-acid  yielded  a  mixture. 

In  connexion  with  the  constitution  of  the  hexahydro-acid,  it  is 
interesting  to  notice  that  the  molecule  is,  for  the  first  time,  symmetrical 
about  the  horizontal  line  bisecting  the  ring  plane  in  the  above  formula. 
The  optical  activity  due  to  the  apical  carbon  atom,  which  was  the  only 
asymmetric  one  in  the  original  carvone  molecule,  no  longer  exists. 
Meanwhile,  however,  two  other  atoms  have  become  asymmetric, 
namely,  those  to  which  the  carboxyl  groups  are  attached,  and  these  are 
equivalent  in  the  same  sense  as  are  the  asymmetric  atoms  in  tartaric 
acid,  so  that  internally  compensated  as  well  as  active  and  racemic 
forms  may  exist.     Taking  into  consideration  the  cis-trans-isomevism. 

due  to  the  presence  of  the  'CKCpTT  and  !C\p  tt    groups  in  the  ring, 

the  existence  of  four  meso-,  two  dextro-,  two  Icevo-,  and  two  racemic 
forms  may  be  predicted,  all  of  which  are  theoretically  to  be  obtained 
from  either  of  the  enantiomorphous  forms  of  carvone.  The  case  is 
therefore  one  of  unusual  interest,  but  unfortunately,  owing  to  the 
small  quantity  of  material  which  was  available,  only  one  of  the  four 
possible  active  forms  was  isolated  from  the  mixture. 

In  the  hope  finally  *of  obtaining  cyanocarone  and  cyanocarvo- 
menthone,  the  properties  of  the  hydrogen  halide  addition  products  of 
cyanodihydrocarvone  were  studied.  Of  the  three  halogen  derivatives, 
which  are  all  well  characterised  solids,  the  hydriodide  is  by  far  the 
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mo^t    reactive.     It   was    expected    that,    by    the    action    of    alcoholic 
alkalis,  it  would  yield  cyanocarone  as  follows  : 

'CO CH 


CHMe<^g^(,^^.^g2>CH-ClMe2  -^  HH- 


^h«<ch(on).ch,6h>°*- 

but  although  the  product  when  boiled  with  excess  of  alkali  gave  the 
colour  test  for  eucarvone,  only  monocyclic  compounds  could  be 
isolated. 

More  success  was  met  with  in  the  attempt  to  convert  the  halogen 
compounds  into  cyanocarvomenthone, 

CHMe<°0— gg^>CH-OHMe,. 

By  the  action  of  zinc  dust  on  a  cold  alcoholic  solution  of  the  hydi'o- 
bromide,  or,  better,  the  hydriodide,  a  mixture  of  cyanodihydrocarvone 
and  cyanocarvomenthone  is  obtained  ;  the  hydrochloride  is  not 
affected  when  subjected  to  this  treatment.  The  cyanocarvomenthone 
was  at  last  isolated  from  the  mixture  by  shaking  a  solution  of  the 
material  in  benzene  with  cold  potassium  permanganate,  which  con- 
verts the  unsaturated  compound  into  acids  easily  soluble  in  alkali, 
while  the  reduced  nitrile  is  not  affected  by  it. 

Cyanocarvomenthone  resembles  cyanodihydrocarvone  veiy  closely 
except  in  its  character  as  an  unsaturated  compound.  Like  the  latter 
substance,  it  could  be  isolated  in  one  form  only,  the  isomerides  being 
apparently  intraconvertible  in  presence  of  alkalis.  When  it  is  heated 
with    alcoholic   potassium   hydroxide,    it    is  converted  into  carvotan- 

acetone    (A^-menthenone'^'),    CMe'^ppr.pTr^x^CH'CHMej,    hydrogen 

cyanide  being  eliminated,  and  it  is  probable  that  this  method  repre- 
sents the  most  satisfactory  method  of  preparing  this  ketone  from 
carvone,  as  by  the  usual  method  (Harries,  Ber.,  1901,  34,  1024)  the 
separation  of  the  ketone  from  carvone  is  exceedingly  tedious. 

By  the  action  of  mineral  acids  on  cyanocarvomenthone  a  mixture  of 
isomeric  cyanocarvomenthonecarboxylic  acids  is  obtained,  stereoiso- 
meric  change  having  occurred  as  in  the  similar  case  of  the  cyano- 
dihydrocarvone (Trans.,  1906,  89,  948).  Only  one  of  the  isomerides 
was  isolated  in  a  quite  pure  condition,  and  this  had  the  character  of  a 
saturated  ketonic  acid,  yielding  solid  derivatives  with  semicarbazide 
and  hydroxylamine.  When  distilled  with  soda- lime  it  gave  a  small 
quantity  of  a  saturated  ketone,  possibly  carvomenthone. 
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EXPEIIIMENTAL. 

Addition  of  Hydrogen  Cyanide  to  Cyanodihydrocarvone. 
Cyanodihydrocarvonecyanoydrin, 

This  cyanoliydrin  may  be  obtained  in  one  operation  from  carvone 
(compare  Trans.,  1906,  89,  949),  but  it  is  better  to  prepare  it  from 
purified  cyanodihydrocarvone,  and  the  conversion  may  be  brought 
about  by  allowing  the  ketonitrile  to  remain  for  some  hours  in  a 
closed  vessel  with  an  aqueous  solution  of  potassium  cyanide,  to  which 
slightly  more  than  one  molecular  proportion  of  sodium  bicarbonate 
has  been  added.  The  ti'ansparent  crystals  of  the  nitrile  rapidly  grow 
opaque  as  they  become  coated  with  the  minute,  slender  needles  of  the 
cyanoliydrin.  "When  the  reaction  is  complete,  excess  of  mineral  acid 
may  be  added,  and  the  solid  matter  at  once  removed  by  filtration. 

The  use  of  soluble  bicarbonates  for  liberating  hydrocyanic  acid  in 
such  cases  is  to  be  recommended,  especially  in  dealing  with  small 
quantities  of  material,  because  even  a  very  large  excess  of  these  salts 
does  not  inhibit  the  addition  process,  but  with  large  quantities  it  is 
equally  effectual  in  most  cases  to  dissolve  the  ketonic  compound  in 
alcohol  and  to  add  an  aqueous  solution  of  potassium  cyanide  (1  mol.), 
and  then  acetic  acid  (1  mol.)  by  means  of  a  thistle-funnel  pi-ovided 
with  a  fine  orifice.  At  the  end  of  fifteen  minutes  excess  of  hydro- 
chloric acid  is  added,  the  solution  diluted  largely  with  water,  and  the 
precipitated  solid  collected  and  washed  on  a  filter. 

The  product  should  be  dried  and  crystallised  by  dissolving  it  in  cold 
ethyl  acetate  and  adding  light  petroleum  rapidly  until  separation 
of  crystals  commences.     On  analysis  : 

0-1570  gave  0-4075  COg  and  0-1103  H^O.     C  =  70-8;  H  =  7-7. 
CigHjgONg  requires  C  =  70-6  ;  H  =  7-8  per  cent. 

The  compound  is  insoluble  in  water,  somewhat  sparingly  soluble  in 
light  petroleum  and  readily  so  in  benzene,  chloroform,  alcohol  esters,  or 
acetic  acid.  It  separates  from  a  mixture  of  ethyl  acetate  and  light 
petroleum  in  long,  very  slender  needles  melting  between  104°  and  108° 
according  to  the  rate  of  heating.  The  crystals  are  very  feebly 
doubly  I'efracting  and  show  straight  extinction  in  polarised  light. 

The  substance,  except  in  presence  of  excess  of  mineral  acid,  is  very 
unstable  and  loses  hydrogen  cyanide  if  recrystallised  from  hot 
solvents  or  if  heated  alone  above  80°,  and  this  accounts  for  its 
indefinite  melting  point. 

0-4010  gram  dissolved  and  made  up  to  25  c.e.  with  absolute  alcohol 
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was  examined  in  a  2-dcm.  tube  at  18°;  the  observed  rotation  was 
+  0-367°,  whence  [aj^  +11-5°. 

Attempts  to  replace  the  hydroxy!  group  by  chlorine  or  bromine 
or  to  acetylate  the  substance  were  unsuccessful. 

Hydrolysis  of  cyanodihydrocarvonecyanohydrin. — It  was  found  that 
the  most  convenient  method  of  hydrolysing  the  nitrile  was  to  heat  it 
with  fuming  hydrochloric  acid,  a  small  quantity  of  acetic  acid  being 
added  to  promote  the  reaction  by  raising  the  solubility  of  the  solid. 

At  the  end  of  some  hours,  when  the  solution  is  complete,  the  whole 
is  filtered  from  a  small  quantity  of  insoluble  matter  and  evaporated  to 
a  small  bulk.  On  adding  water  to  the  residue,  a  nearly  colourless, 
gummy  mass  is  precipitated,  which  becomes  semi-crystalline  when 
triturated  with  strong  hydrochloric  acid.  The  material  may  be  drained 
on  porous  porcelain,  and  crystallised  from  a  mixture  of  benzene  and 
light  petroleum. 

This  product,  although  it  forms  crystals  of  considerable  size,  is 
doubtless  a  mixture,  as  different  fractions  varied  considerably  in 
rotatory  power  ([aju  +  4'0  to  +7'0),  and  the  melting  point  vai'ied 
between  97  and  107°.  The  whole  dissolves  readily  in  most  of  the  usual 
organic  media  with  the  exception  of  light  petroleum,  but  tends  to 
separate,  in  most  cases,  as  an  oil.  It  is  sparingly  soluble  in  water,  but 
dissolves  freely  in  strong  mineral  acids  and  in  sodium  carbonate 
solution.     On  analysis  : 

0-2314  gave  0-5449  COo  and  0-1610  H,0.     C  =  64-3.     H  =  7-7. 
0-3138     „     16-65  c.c.  moist  nitrogen  at  15°  and  767  mm.    N  =  6-5. 
CJ2HL17O3N  requires  C  =  64-6  ;  H  =  7-6  ;  N  ==  6-3  per  cent. 

The  compound  is  slowly  hydrolysed  either  by  acids  or  alkalis,  yielding 
2-methyl-5-isop7'openyl-A^-tetrahydroisophthalic  acid, 

CM<><CH^b^Hi;ci;>C«-CMe:CH,, 

This  is  most  easily  prepared  in  quantity  by  the  direct  hydrolysis  of 
cyanodihydrocarvone  with  hydrochloric  acid.  The  cyano-compound  is 
placed  in  a  flask  covered  with  about  ten  times  its  weight  of  hydro- 
chloric acid  and  heated  for  several  days  on  the  water-bath  ;  the 
compound  first  melts  and  slowly  dissolves,  foi'ming  a  clear  solution 
which  after  prolonged  heating  slowly  deposits  a  microcrystalline 
powder,  and  when  this  no  longer  increases  in  amount  it  is  removed  by 
filtration.  A  further  quantity  of  the  acid  may  be  obtained  by  evapo- 
rating the  mother  liquid  to  dryness,  dissolving  the  residue  in  a  large 
excess  of  a  35  per  cent,  aqueous  potassium  hydroxide  solution,  and 
heating  until  ammonia  ceases  to  be  evolved,  a  process  which  occupies 
some  six  hours.     On  diluting  the  resulting  liquid  and  acidifying  it 
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■with    hydrochloric   acid,    the    product    is    obtained    in    pulverulent 
form. 

For  the  purification  of  the  acid,  hot,  anhydrous  formic  acid  was 
found  to  be  the  best  crystallising  medium.  A  specimen  thus  treated 
was  dried  and  analysed  : 

0-1504  gave  0-3557  CO2  and  0-0950  H2O.    C  =  64-5  ;  H  =  7-0. 
C12H16O4  requires  C  =  64-3  ;  H  =  7-1. 

For  the  determination  of  its  equivalent,  0-3262  was  titrated  with 
iV/10  sodium  hydroxide,  using  phenolphthalein  as  indicator;  28-8  c.c. 
of  the  alkali  were  necessary  for  neutralisation,  whence  the  equivalent 
of  the  acid  was  114,  that  calculated  for  a  dibasic  acid  of  the  formula 
C^^HigO^  being  112. 

The  compound  is  almost  insoluble  in  benzene,  petroleum,  chloroform, 
or  water,  dissolves  sparingly  in  ethyl  acetate  or  acetone,  more  readily 
in  formic  or  acetic  acid,  and  is  readily  soluble  in  absolute  alcohol,  hot 
quinoline,  or  dimethylaniline.  It  sublimes  at  high  temperatures  and 
melts  at  281—282°. 

The  crystals  from  hot  formic  acid  are  very  small,  flat-plates  or  needles, 
the  crystallographic  character  of  which  is  not  easily  determined.  After 
fusion  between  glass  slips,  the  substance  sets  rapidly  to  masses  of  rhom- 
boidal  plates  of  considerable  size,  and  through  some  of  these,  viewed  in 
convergent  polarised  light,  one  axis  of  a  wide-angled  interference  figure 
may  be  seen  emerging  nearly  perpendicularly. 

0-3995  gram  dissolved  and  made  up  to  25  c.c.  with  absolute  alcohol 
was  examined  in  a  2-dcm.  tube  at  19-5°  A  mean  rotation  of  -  5-523° 
was  observed,  whence  [a]o  —  172-8. 

The  substance  has  the  character  of  an  unsaturated  acid,  and  its 
solution  in  ice-cold  sodium  carbonate  instantly  decolorises  a  solution  of 
potassium  permanganate,  although  its  action  on  bromine  water  is  very 
slow.  It  unites  readily  with  hydrogen  iodide  or  bromide,  yielding 
crystalline  compounds  which  are  somewhat  unstable,  but  which  appear 
to  contain  only  one  molecular  proportion  of  hydrogen  halide  ;  these 
are  at  once  decomposed  by  cold  alkalis,  yielding  the  original  unsaturated 
acid. 

An  anhydride  may  be  obtained  from  the  acid  by  the  prolonged  action 
of  acetyl  chloride.  On  evaporating  the  excess  of  the  reagent  under  di- 
minished pressure  at  100°  and  leaving  the  residue  for  some  days  over 
potassium  hydroxide,  a  compound  is  obtained  which  is  readily  soluble 
in  benzene  or  chloroform,  and  is  precipitated  from  the  resulting  solu- 
tion in  an  apparently  amorphous  condition.  The  substance  obtained  in 
this  way  dissolves  only  very  slowly  in  cold  aqueous  sodium  carbonate, 
the  resulting  solution  yielding  the  dicarboxylic  acid  on  acidification. 
As  it  was  not  obtained  perfectly  pui-e,  it  was  not  analysed  by  the 
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combustion  method,  but  0'3226  gram  was  warmed  with  water  for 
some  hours  and  the  product  titrated  with  N/IO  alkali ;  0-1280  gram 
of  NaOH  was  requii^ed  for  neutralisation;  whilst  0-1252  gram  was 
the  weight  calculated  on  the  assumption  that  the  substance  was  the 
anhydride  G^2^iS^s- 

Bedicction  of  2-Met1iyl-Z-\sopropenyl-^^-leirahydro\?,ophthalic   Acid. 
2-Methyl-5-isop7'openylhexahydroisophthalic  Acid. 

CHMe<™(;^OjH):CgpCH-CMe:CH,, 

For  the  reduction  of  the  foregoing  unsaturated  acid,  a  solution  in  the 
requisite  quantity  of  10  per  cent,  sodium  carbonate  was  placed  in  a 
shallow  porcelain  dish  and  allowed  to  remain  in  the  cold  with  a  con- 
siderable excess  of  2  per  cent,  sodium  amalgam  while  a  slow  stream 
of  carbon  dioxide  was  led  into  the  liquid.  At  the  end  of  two  days 
the  mercury  was  removed  and  the  aqueous  liquor  acidified  with  hydro- 
chloric acid,  the  precipitate  formed  being  removed  by  filtration, 
washed  with  water,  dried  and  extracted  with  warm  anhydrous  formic 
acid,  in  which  the  larger  proportion  of  the  original  acid  did  not 
dissolve.  By  fractional  crystallisation  of  the  dissolved  material, 
first  from  formic  acid  and  finally  from  methyl  alcohol,  one  of  the 
reduction  products  was  obtained  in  a  pure  form.     On  analysis  : 

0-2012  gave  0-4692  OO.j  and  0-1412  H.O.     0  =  63-6  ;  H  =  7-8. 
Cj2H^s^4  requii'es  0  =  63-8  ;  H  =  8-0  per  cent. 

01605  gram  of  the  acid  required  14-15  c.c.  ^V/10  NaOH  for 
complete  neutralisation,  whence  the  equivalent  was  113,  exactly  the 
number  required  for  a  dibasic  acid,  Gj^^H^^O^. 

For  the  determination  of  its  optical  activity,  0*2326  gram  was  dis- 
solved and  made  up  to  25  c.c.  with  absolute  alcohol  at  17°.  The 
solution  in  a  2-dcm.  tube  had  a  mean  rotation  -0-31°,  whence 
[a]„  -16-6. 

The  acid  dissolved  very  sparingly  in  water,  benzene,  or  chloroform, 
somewhat  readily  in  hot  ethyl  acetate  or  formic  acid,  and  is  readily 
soluble  in  methyl  or  ethyl  alcohol.  It  separates  from  methyl  alcohol 
in  crystals  which  melt  at  204 — 205°. 

The  crystals  are  flat  needles,  through  the  large  faces  of  which  one 
axis  of  a  wide  angled  biaxial  interference  figure  emerges  nearly 
perpendicularly,  and  in  which  the  double  refraction  is  strong  and 
negative  in  sign. 

On  cooling,  the  fused  substance  solidifies  rapidly  from  a  centre  to 
masses  of  needles  identical  in  chq,racter  with  those  obtained  fvoiu 
solution. 


1826  lapworth:  derivatives  of 

The  compound  has  all  the  properties  of  an  unsaturated  acid.  In 
solution  in  acetic  acid,  it  absorbs  bromine  somewhat  rapidly,  and  when 
a  solution  of  potassium  permanganate  is  added  to  an  ice-cold  solution 
of  the  sodium  salt  its  colour  is  instantaneously  discharged. 

The  acid  appears  to  form  an  anhydride  when  it  is  heated  with  acetyl 
chloride,  as  the  product  is  entirely  soluble  in  benzene,  but  owing  to 
the  small  quantity  of  the  acid  which  was  available  attempts  to  pre- 
pare this  derivative  in  a  pure  form  were  not  successful. 


Addition  Products  of  CyanodUiydrocarvone  with  Hydrogen  Halides. 

r</~v OFT  ^ 

The  hydrochloride    CHMe\pTT/p-vT\.pTT 'x^CH'CClMeg   is  formed 

in  considerable  quantity  when  cyanodihydrocarvone  is  shaken  with 
an  aqueous  solution  of  hydrogen  chloride  (saturated  at  0°).  The 
nitrile  dissolves  somewhat  rapidly  at  first  and  in  a  short  time,  if  the 
liquid  is  kept  cold,  the  hydrochloride  separates  in  a  crystalline  form. 
This  process,  however,  is  liable  to  lead  to  an  impure  product,  and  it  is 
more  satisfactory  to  pass  hydrogen  chloride  into  a  strong  solution  of 
the  nitrile  in  glacial  acetic  acid  until  it  is  no  longer  absorbed,  allow- 
ing the  whole  to  remain  for  twenty-four  hours  and  then  pouring  into 
water.  The  solid  material  which  separates  may  be  crystallised  from 
warm  dilute  alcohol.     On  analysis": 

0-3233  gave  0-2177  AgCl.     Cl  =  16-5. 

CjjHjgONCl  requires  CI  =  16-6  per  cent. 

It  is  sparingly  soluble  in  hot  light  petroleum,  more  readily  so  in 
hot  ether  or  cold  alcohol,  and  dissolves  freely  in  hot  alcohol  and 
in  ethyl  acetate.  It  separates  from  alcohol  in  small  prisms  or  flattened 
needles  melting  at  64 — 65°. 

The  crystals  show  straight  extinction  in  polarised  light ;  examined  in 
convergent  polarised  light,  some  crystals  show  a  biaxial  interference 
figure  of  small  axial  angle.  The  double  refraction  is  positive  in 
sign  and  fairly  strong. 

0-3996  gram  dissolved  and  made  up  to  25  c.c.  with  absolute  alcohol 
and  examined  in  a  2-dcm.  tube  at  18°  gave  a  mean  rotation  of  0-810°, 
whence  [ajo  -t-25-3. 

The  hydrochloride  is  somewhat  unstable,  and  is  decomposed  in  the 
cold  if  alkalis  or  solutions  of  alkali  carbonates  are  added  to  its 
alcoholic  solution.  It  is  also  decomposed  when  heated  with  water  at 
a  temperature  above  its  melting  point.  It  is  less  easily 
reduced  than  the  hydrobromide.  The  corresponding  hydrobromide, 
Cj^Hjj.ONBr,  is  most  easily  prepared  by  dissolving  cyanodihydro- 
carvone in  about  five  times  its  own  weight  of  a  cold  saturated  solution 
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of  hydrogen  bromide  in  glacial  acetic  acid.  If,  at  tlie  end  of 
twenty-four  hours,  the  whole  is  poured  into  water,  the  addition 
product  is  obtained  in  a  nearly  pure  condition  and  may  be  crystallised 
fx'om  alcohol.     On  analysis  : 

0-2784  gave  0-2002  AgBr.     Br  =  30-6. 

Cj^Hj^gONBr  requires  Br  =  31-0  per  cent. 

In  general  character  and  in  its  solubility  in  organic  media,  this 
compound  closely  resembles  the  hydrochloride,  but  it  appears  to  be 
somewhat  less  stable  towards  alkalis  and  is  less  easy  to  obtain  in  large 
crystals.  The  crystallographic  description  of  the  preceding  compound 
applies  equally  well  to  this.     It  melts  at  82 — 83°. 

The  hydriodide,  Cj^H^jjONI,  was  prepared  in  considerable  quantities 
by  the  following  method.  An  aqueous  solution  of  hydrogen  iodide, 
saturated  at  20°,  was  placed  in  a  mortar  and  a  small  quantity  of  cyano- 
dihydrocarvone  was  introduced,  while  the  whole  was  rapidly  stirred 
with  the  pestle ;  when  solution  was  complete  a  further  quantity  of  the 
nitrile  was  added  and  the  process  was  continued  until  fine  needles  of  the 
hydriodide  began  to  separate.  In  a  few  minutes  the  whole  usually  set 
to  a  semi-solid  mass,  and  this  was  drained,  first  on  a  filter  with  the  aid 
of  a  pump  and  finally  on  porous  earthenware.  The  dried  product  was 
crystallised  from  alcohol.     On  analysis  : 

0-2993  gave  0-2296  Agl.     I  =  40-0. 

Cj^HjgONI  requires  1  =  40-2  per  cent. 

This  substance  is  more  readily  soluble  in  organic  media  than  the 
two  preceding  compounds.  It  was  always  obtained  in  slender  needles 
having  straight  extinction.  Unless  very  carefully  purified  it  rapidly 
becomes  deep  brown,  especially  when  exposed  to  light.  It  melts  at 
81—82°. 

In  the  hope  of  obtaining  a  cyanocarone  by  the  same  method  as  was 
used  by  Baeyer,  in  preparing  carone  from  dihydrocarvone  hydro- 
bromide,  experiments  on  the  hydrobromide  and  hydriodide  of  cyano- 
dihydrocarvone  were  made.  When  dissolved  in  alcohol  and  mixed 
with  a  cold  solution  of  potassium  hydroxide  in  methyl  alcohol, 
they  rapidly  lost  hydrogen  halide,  as  was  evidenced  by  the  copious 
deposition  of  potassium  salt  whilst  little  or  no  hydrogen  cyanide 
was  eliminated.  In  all  the  experiments  made  the  product  was  a  some- 
what mobile  oil,  which  when  boiled  with  potassium  hydroxide  dissolved 
in  methyl  alcohol,  lost  hydrogen  cyanide,  and  gave  a  beautiful  blue 
solution  so  that  derivatives  of  carone  or  eucarvone  appear  to  have  been 
formed.  Nevertheless  no  new  compound  of  unquestionable  purity 
could  be  isolated  and  the  supposed  cyanocarone,  when  hydrolysod  with 
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mineral    acids,  gave   only  mixtures  of  the  isomeric  dihydrocarvone- 
carboxylie  acids. 


Action  of  Bromine  on  Cyanodihydrocarvonehydrohromide.    Formation  of 
Monobromocyanodihydrocarvone, 

CBrMe<^^~~^^2>CH'CMe:CH2. 

In  order  to  prepare  a  substitution  derivative  of  cyanodihydrocarvone, 
the  hydrobromide  of  the  latter  was  dissolved  in  glacial  acetic  acid  and 
saturated  with  hydrogen  bromide,  which  served  the  purpose,  not  only 
of  ensuring  the  stability  of  the  hydrobromide  and  thus  preventing 
attack  by  the  bromine  in  the  tsopropenyl  group,  but  also  of  accelerat- 
ing the  substituting  action  of  the  halogen  (compare  Trans.,  1904,  85, 
31,  et  seq.).  To  the  solution  was  then  added  one  molecular  proportion 
of  bromine,  the  whole  being  allowed  to  remain  until  the  colour  of  the 
halogen  disappeared,  and  then  poured  into  water.  The  separated  oil 
rapidly  solidified  when  washed  and  the  solid  was  repeatedly  crystallised 
from  alcohol. 

0-2865  gave  0-2107  AgBr.     Br  =31-3. 

C^^Hj^ONBr  requires  Br  ==31-2  per  cent. 

The  analysis  indicated  that  only  one  bromine  atom  was  present,  and, 
as  it  was  suspected  that  the  hydrogen  bromide  had  been  lost  during 
recrystallisation,  experiments  were  made  to  test  this  point.  It  was 
found  that  the  crude  product  contained  nearly  two  atomic  proportions 
of  bromine  and  that  if  it  was  boiled  with  acetic  acid,  hydrogen  bromide 
was  evolved  and  the  same  product  as  before  finally  obtained. 

The  broano  compound  was  nearly  insoluble  in  light  petroleum,  but 
dissolved  somewhat  freely  in  most  of  the  other  organic  media.  It 
crystallises  from  alcohol  in  glistening  needles  which  darken  slightly  at 
170°  and  melt  and  decompose  at  177°. 

Like  the  dibromides  already  described,  it  is  rapidly  dissolved  by 
strong  alkalis  in  presence  of  a  little  alcohol,  hydrogen  bromide  being 
lost,  and  on  diluting  and  acidifying,  a  colourless  liquid  acid  is  pre- 
cipitated which  has  not  yet  been  closely  examined.  When  it  is 
boiled  with  alkalis,  ammonia  is  evolved  and  no  cyanide  is  formed ;  on 
acidifying  the  resulting  solution,  the  acid  obtained  is  still  liquid  and 
nearly  colourless. 

The  acid  products  obtained  from  the  three  preceding  compounds  will 
be  examined  ifi  detail  later. 
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lieduciion  of  Cymio'Jihydrocarvonehydrobroniide  to  C ydnocarvomenthone, 
CHMe<CO— -™.>CH-CMe,. 

The  crude  product  obtained  by  the  action  of  hydrogen  bromide  on 
cyanodihydrocarvone  was  washed  with  water,  dissolved  in  about  ten 
times  its  weight  of  95  per  cent,  methyl  alcohol,  and  zinc  dust  was 
added  in  small  quantities  at  a  time,  while  the  temperatux-e  was  kept  at 
about  0°.  When  no  further  action  was  perceptible  a  large  excess  of 
zinc  was  added,  the  whole  ti'ansf erred  to  a  stoppered  bottle  and  shaken 
for  several  days,  when  the  insoluble  matter  was  removed  by  filtration 
and  washed  with  alcohol.  The  united  alcoholic  solutions  were 
evaporated  to  a  small  bulk,  diluted  with  water,  and  extracted  with 
benzene. 

As  it  was  found  in  a  previous  experiment  that  the  larger  proportion 
of  the  product  consisted  of  cyanodihydrocarvone  regenerated  by  the 
mere  removal  of  hydrogen  bromide  from  the  addition  compound,  the 
benzene  extract  was  washed  repeatedly  with  water  and  then  shaken 
with  an  ice-cold  solution  of  potassium  permanganate  until  the  latter 
ceased  to  be  reduced,  the  precipitated  manganese  dioxide  being 
dissolved  by  means  of  a  stream  of  sulphur  dioxide  and  the  benzene 
solution  then  removed,  dried,  and  allowed  to  evaporate  spontaneously. 

The  material  thus  prepared  was  a  mixture  of  two  substances,  one  of 
which  had  the  properties  of  an  amide  and  was  not  closely  examined ; 
the  other  proved  to  be  cyanocarvomenthone,  and  was  separated  from 
the  former  by  extraction  in  a  Soxhlet  apparatus  with  carbon 
disulphide,  in  which  the  amide  was  not  appreciably  soluble. 

The  cyano-compound  obtained  in  this  way  was  crystallised  from 
dilute  alcohol,  dried,  and  analysed  : 

0-2238  gave  0-6052  CO^  and  01951  H^O.     0  =  73-7  ;  H  =  9-7. 
CjiH^yON  requires  0  =  737  ;  H  =  9-5  per  cent. 

Oyanocarvomenthone  closely  resembles  the  original  cyanodihydro- 
carvone in  appearance,  but  is  distinctly  more  readily  soluble  in  benzene, 
chloroform,  and  alcohol.  It  crystallises  from  alcohol  in  flat  needles 
melting  at  83—84°. 

It  is  easily  distinguished  from  cyanodihydrocarvone  by  shaking  a  few 
milligrams  in  a  test-tube  with  a  little  dilute  potassium  permanganate 
solution,  when  the  solution  retains  its  colour  for  a  very  long  time, 
whilst  the  unsaturated  nitrile  discharges  the  tint  in  a  few  seconds. 

The  oxime  was  prepared  by  warming  the  nitrile  in  alcoholic  solution 
with  free  hydroxylamine.  After  crystallisation  from  alcohol,  it  was 
obtained  in  flat  plates  closely  resembling  the  oxiiue  of  cyanodihydro. 
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carvone  in  appearance  and  solubility  in  organic  media,  but  it  melted 
at  156 — 157°.  When  the  two  oximes  were  mixed  in  equal  proportions 
the  whole  fused  at  150—151°. 

It  was  very  easily  hydrolysed  by  warm  dilute  mineral  acids  into 
cyanocarvomenthone  and  hydroxylamine. 

When  the  nitrile  is  heated  with  strong  alcoholic  potassium  hydr- 
oxide, hydrogen  cyanide  is  eliminated,  and  an  odour  of  peppermint  and 
caraways  becomes  perceptible.  In  order  to  isolate  the  volatile  product 
of  this  reaction,  a  few  grams  of  the  nitrile  were  heated  for  half  an 
hour  with  an  excess  of  a  solution  of  potassium  hydroxide  containing 
suspended,  freshly  precipitated  ferrous  hydroxide ;  the  alcohol  was 
then  removed  by  distillation  and  the  residue  distilled  in  a  current 
of  steam.  The  distillate  was  extracted  with  ether,  and  this  on 
evaporation  gave  a  small  quantity  of  an  oil  which  boiled  at  221 — 222° 
and  gave  the  following  results  on  analysis  : 

0-1898  gave  0-5470  CO^  and  0-1842  H2O.     C  =  78-5  ;  H  =  10-7. 
CjoHjgO  requires  C  =  78-8  ;  H  =  10-5  per  cent. 

The  compound  was  unsaturated  and,  when  warmed  with  a  dilute 
alcoholic  solution  of  potassium  cyanide,  was  reconverted  almost 
quantitatively  into  cyanocarvomenthone.    The  substance  was  therefore 

carvotanacetone,  CMe^^pTT^pTT^^CH'CMeg. 

Carvomenthonecarhoxylic  acid, 

<^HMe<°°-^^:gHj>OH-CHMe, 

was  obtained  by  heating  the  nitrile  for  several  days  with  concentrated 
hydrochloric  acid  and  working  up  the  product  in  the  manner  adopted 
in  preparing  dihydrocarvonecarboxylic  acid.  The  acid  was  purified  by 
repeated  crystallisation  from  boiling  carbon  tetrachloride.   On  analysis  : 

0-2383  gave  05828  CO^  and  0-1964  H,0.     C  =  66-7  ;  H  =  9-1. 
CjjHjgOg  requires  C  =  66-6;  H  =  9-l  per  cent. 

0-1725  gram  required  8-85  c.c.  of  NjlO  sodium  hydroxide  for 
complete  neutralisation,  whence  the  equivalent  of  the  acid  was  194-9, 
the  calculated  number  for  a  monobasic  acid,  OjjHjgOg,  being  198. 

In  spite  of  the  fact  that  pure  cyanocarvomenthone  was  used  in 
pi'eparing  this  substance,  the  crude  acid  was  certainly  a  mixture,  and 
only  yielded  a  pure  compound  after  repeated  crystallisation.  Doubt- 
less, as  in  the  case  of  the  hydrolysis  of  cyanodihydrocarvone,  two 
stereoisomeric  acids  are  formed,  but  owing  to  the  comparatively  small 
quantity  of  material  at  hand  it  was  not  in  this  instance  found  po.ssible 
to  isolate  both. 

The  pure  compound  with  which  the  analysis  was  made  is  but  slightly 
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soluble  in  water  or  light  petroleum,  but  dissolves  somewhat  readily  in 
chloroform,  beuzene,  ether,  or  alcohol,  and  separates  from  carbon 
tetrachloride  in  prisms  which  melt  sharply  at  146 — 147°. 

The  crystals,  examined  in  polarised  light,  extinguish  in  directions 
which  vary  according  to  their  orientation. 

Fused  between  glass  slips,  it  solidifies  slowly  on  cooling  to  areas  of 
parallel  needles.  In  convergent  polarised  light,  the  interference  figure 
associated  with  a  crystal  of  wide  axial  angle  is  sometimes  indistinctly 
to  be  seen.     The  double  refraction  is  weak. 

For  the  determination  of  the  optical  activity  of  the  acid,  0'3808 
gram  dissolved  in  ethyl  acetate  and  made  up  to  25  c.c.  was  examined 
in  a  2-dcm.  tube  at  22°.  The  mean  rotation  observed  was  -0*13°, 
whence  [a]o   -  4"3. 

The  acid  behaves  as  a  saturated  ketonic  acid.  Dissolved  in  ice-cold 
sodium  carbonate  at  the  ordinary  temperature  and  added  to  dilute 
potassium  permanganate  solution,  the  colour  of  the  mixture  is  not 
appreciably  affected  for  at  least  half  an  hour. 

The  author  desires  to  express  his  indebtedness  to  the  Research  Fund 
Committee  of  the  Chemical  Society  for  a  grant  which  defrayed  much 
of  the  cost  of  the  investigation. 

Chemical  Departme>'T, 

Goldsmith's  College, 

New  Cross,  S.E. 


CLXXVI. — The  Acidic  Constants  of  Some   Ureides  and 
Uric  Acid  Derivatives. 

By  John  Kerfoot  Wood. 

During  the  determination  of  the  acidic  constants  of  the  methyl 
derivatives  of  xanthine  (see  following  paper)  results  were  obtained 
which  appeared  to  be  contrary  to  those  which,  on  constitutional 
grounds,  might  have  been  expected.  It  was  therefore  considered 
advisable  to  conduct  similar  experiments  with  a  number  of  other 
imino-compounds,  chiefly  ureides  and  derivatives  of  uric  acid,  with  a 
view  to  finding  the  influence  which  other  groups  have  on  the  acidity 
of  the  imino-group.  The  results  of  these  experiments,  together  with 
the  conclusions  drawn  from  them,  form  the  subject  of  the  present 
paper. 

In  the  case  of  some  of  the  substances,  the  acidity  was  determined  by 
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the  ordinary  conductivity  method.  The  water  used  as  solvent  was 
specially  distilled,  and  in  no  case  did  its  conductivity  exceed  1*5  x  10"^ 
at  25°. 

All  conductivities  given  in  this  paper  are  expressed  in  terms  of 
reciprocal  ohms. 

With  the  majority  of  the  substances,  however,  it  was  impossible  to 
employ  the  conductivity  method  owing  to  the  degree  of  ionisation 
being  very  small.  In  such  cases,  the  dissociation  constant  was  cal- 
culated from  the  velocity  of  saponification  of  methyl  acetate  by  the 
sodium  salt  of  the  substance  (Shields,  Zeit.  physikcd.  Chem.,  1893,  12, 
167).  The  acid  was  dissolved  in  an  equivalent  amount  of  Njlf)  sodium 
hydroxide  and  the  solutioti  then  mixed  with  one  of  methyl  acetate,  the 
alkali  and  ester  being  in  equivalent  proportions.  Portions  of  the 
mixture  were  removed  at  intervals  and  titrated  with  NjlOO  hydro- 
chloric acid,  the  indicator  used  being  o-nitrophenol.  Fi'om  the  results 
obtained  the  constants  were  calculated  by  means  of  the  equation 


k  =  l-i  -i--l-2-302log-^l, 
t  {  e-x  e-so  J 


where  e  represents  the  initial  concentration  of  the  ester  and  x  the 
portion  transformed  in  the  time  t.  This  equation  can  only  be  used 
satisfactorily  during  the  middle  portion  of  the  action. 

The  constant  k  calculated  as  above  must  not  be  confused  with  the 
dissociation  constant  of  the  acid.  It  represents  the  product  of  the 
velocity  constant  (c)  for  the  saponification  of  methyl  acetate  by  sodium 
hydroxide  and  the  hydrolysis  constant  (h)  of  the  sodium  salt  of  the 
compound  under  examination.  Experiments  on  the  saponification  of 
methyl  acetate  by  sodium  hydroxide  have  shown  that  c  has  the  value 
11-42  at  25°,  so  that 

^^  =  IT42' 

Now  h  =  — ,  where  Iv  is  the  dissociation  constant  of  water  and  ka 
ka 
the  dissociation  constant  of  the  acid  under  examination  (Arrhenius, 
Zeit.  physikcd.  Chem.,  1890,  5,  17),  and  at  25°,  the  temperature  at 
which  all  the  experiments  were  performed,  ^has  the  value  1"2  x  10"^*. 
The  equation  finally  becomes,  therefore, 

11-42  X  1-2x10-14 


ka  — 


k 


For  purposes  of  illustration  the  whole  of  the  figures  obtained  are 
given  in  the  case  of  methyluracil ;  in  the  case  of  other  substances  for 
Avhich  this  method  was  used  only  the  mean  values  of  k  and  ka  are 
given. 
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Methyluracil. — Triibsbach  {Zeit.  2i^iysikcd.  Chem.,  1895,  16,  711) 
determined  the  dissociation  constant  of  this  substance  by  the  con- 
ductivity method  and  obtained  a  result  of  4*6  x  10"^. 

The  sample  used  by  the  author  was  prepared  by  Bebrend's  method 
(Annalen,  1885,  229,  9). 

Saj)oniJication  Exijerimenf . 

25  CO.  ^Vy20  solution   of   sodium   methyluracil  +  25  c.c.  Nj'lO  solution 
of  methyl  acetate. 


Time. 

Titre. 

k. 

0 

4-95 

— . 

108 

370 

0-000425 

179 

3-40 

0-000449 

208 

3-31 

0-000447 

262 

3-20 

0-000422 

315 

306 

0-000434 

Mean    

0-000435 

The  value  of  ka  calculated  from  the  above  mean  value  of  k  is 
S'HxlO"^";  this  number  was  confirmed  by  subsequent  experiments. 
The  divergence  from  Triibsbach's  result  is  probably  explained  by  the 
difficulty  of  obtaining  trustworthy  values  for  the  conductivity  in  the 
case  of  very  feeble  electrolytes. 

a-Dimethyluracil,    CO\-h^tt r./-)^CH. — This    compound,    which 

melted  at  220 — 230°,  was  prepared  by  Behrend  and  Dietrich's  method 
{^Annalen,  1899,  309,  266).  The  value  of  k  found  by  the  saponification 
method  was  0-00155,  corresponding  to  a  dissociation  constant  of 
8-8x10-11. 

p-Dimethyluracil,  C0<^^^  _p^^CH. — This  substance  was  pre- 
pared by  Behrend  and  Dietrich's  method  {loc.  cit.)  ;  the  sample  melted 
at  258°. 

;i;  =  000185;  ;5;a  =  7-4x10-11. 

Hydantoin. — The  conductivity  of  this  substance  was  determined  by 
Triibsbach  (loc.  cit.),  but  the  dissociation  constant  was  not  calculated. 
Using  the  figure  given  by  him  as  the  conductivity  in  iV/128  solution, 
the  calculated  dissociation  constant  was  found  by  the  author  to  be 
6-34  X  10-10- 

The  hydantoin  used  in  the  present  experiments  was  prepared  by  Diels 
and  Heintzel's  method  (Ber.,  1905,  38,  305) ;  it  melted  at  216—217°. 

A;  =  0-000180;  /fc„  =  7-59  x  lO"!". 

The  value  for  ka  so  determined  is  in  good  agreement  with  that 
calculated  from  Triibsbach's  conductivity  figures. 


1834 
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AUaiiloia. — This  compound  was  prepared  by  the  action  of  potassium 
permanganate  on  uric  acid  (Chius,  Ber.,  1874,  7,  227). 

The  saponification  method  was  used  for  the  determination  of  the 
acidity,  but  a  little  uncertainty  in  the  value  of  the  constant  was 
occasioned  by  the  end  point  of  the  titration  not  being  quite  sharp. 
The  mean  values  obtained  were 

;t- 0-000117;  ;i-a  =  117xlO-^. 

Oxyuracil. — The  specimen  used  for  the  experiments  was  prepared  by 
Behreud's  method  {Annalen,  1885,  229,  39). 

The  quantity  of  substance  available  was  not  sufficient  to  allow  of 
conductivity  determinations  being  made,  whilst  the  results  obtained 
by  the  saponification  method  were  not  very  satisfactory  because  of  the 
end-point  of  the  titration  being  indistinct.  The  mean  value  of  k  was 
found  to  be  00000538,  corresponding  to  a  dissociation  constant  [ka) 
of  2-5xl0-». 

Parabanic  Acid. — This  compound  was  pi-epared  by  the  action  of 
nitric  acid  (sp,  gr.  1-3)  on  uric  acid.  The  product  was  crystallised 
first  from  ordinary  distilled  water  and  afterwards  from  the  specially 
distilled  water  used  for  conductivity  experiments ;  it  was  then  dried  at 
100—105°. 

Triibsbach  {loc.  cit.)  made  a  series  of  experiments  with  this  compound, 
and  came  to  the  conclusion  that  it  changes  in  solution  into  urea 
oxalate.  Owing  to  this  change  taking  place,  the  conductivities 
obtained  for  a  series  of  dilutions  do  not  yield  a  fixed  dissociation 
constant.  The  dissociation  constant  calculated  from  Triibsbach's  con- 
ductivity for  a  ^/3  2  solution  is  3-74x10"*^.  This  number,  however, 
is  too  high,  for,  using  a  solution  of  equal  concentration,  the  author 
obtained  a  value  for  the  conductivity  which  gave  a  dissociation  constant 
of  0-75  X  10-6. 

The  transformation  of  the  parabanic  acid  into  urea  oxalate  can  be 
followed  in  the  cell.  The  results  of  one  experiment  of  this  nature  are 
shown  in  the  following  table,  the  concentration  of  the  solution 
being  iV/32  : 


Time  in  hours. 

Vahie  of  ^ug.,. 

Time  in  hours. 

Vahie  of  ^30 

0 
1 
3 

•2-133 

2-907 
4-412 

6 
21 

144 

6-132 
11-953 
30-572 

It  will  be  seen  that  the  rate  of  transformation  of  the  parabanic  acid  is 
comparatively  slow,  so  that  the  quantity  which  undergoes  change 
during  the  short  period  of  time  necessary  to  dissolve  the  acid  and  raise 
the  temperature  of  the  solution  to  25°  must  be  of  small  dimensions. 
It  follows,  therefore,  that  the  number  given  above  for  the  dissociation 
constant  cannot  be  much  in  excess  of  the  true  value. 
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Barbituric  Acid. — Trlibsbach  {loc.  cit.)  foiiud  tlie  dissociation  coiistftut 
of  this  substance  to  be  9*79  x  10-"'.  Hantzsch  and  Vcegelen  {Ber., 
1902,  35,  1006)  determined  the  conductivity  both  in  aqueous  and  in 
aqueous  alcoholic  solutions,  obtaining  in  the  case  of  the  former  a  value 
for  fx^^  of  27-06. 

The  barbituric  acid  used  for  the  present  experiments  was  prepared 
by  Fischer  and  Dilthey's  method  (Annalen,  1904,  335,  334)  by  con- 
densing malonic  ester  and  urea  with  sodium  ethoxide. 

The  conductivity  method  yielded  a  value  for  ka  of  lO'Sl  x  10"^,  in 
close  agreement  with  the  number  obtained  by  Trlibsbach.  The  saponi- 
fication method  was  not  available  in  this  instance,  because  of  the  action 
of  barbituric  acid  on  indicators. 

6-Ethylbarbituric  Acid. — This  compound  was  prepared  by  heating  to 
100"^  for  two  to  three  hours  a  mixture  of  urea,  ethylmalonic  acid,  and 
phosphoryl  chloride  (Conrad  and  Guthzeit,  Ber.,  1882,  15,  2845). 
The  product  obtained  was  mixed  with  a  small  amount  of  water,  the 
solution  filtered  off,  and  the  residue  repeatedly  crystallised,  first  from 
ordinary  distilled  water  and  then  from  conductivity  water. 

A  iVy64  solution  was  found  to  have  a  molecular  conductivity  of  18'23, 
corresponding  to  a  value  for  ka  of  3*83  x  10 ~^.  Owing  to  the  fact  that 
the  solution  oxidises  in  the  cell,  a  series  of  dilvition  experiments  was 
not  performed. 

As  with  the  parent  substance,  the  saponification  method  was  not 
available,  because  of  the  indicators  being  affected  by  the  acid. 

5  :  ^-Dimethylbarbituric  Acid. — This  compound  was  prepared  by  con- 
densing dimethylmalonic  ester  and  urea  by  means  of  sodium  ethoxide 
(Fischer  and  Dilthey,  loc.  cit.).  The  product  was  crystallised  from 
conductivity  water. 

For  this  substance  also  the  conductivity  method  was  found  to  be  the 
more  suitable.  The  molecular  conductivity  of  a  iV/64  solution  was 
found  to  be  0'912,  giving  a  value  for  ka  of  73  x  10"^. 

5  •.5-Diethylbarbitu7-ic  Acid. — The  method  used  for  the  preparation 
of  this  compound  was  similar  to  that  employed  for  the  dimethyl 
derivative.  The  sample  melted  at  187°.  After  repeated  crystal- 
lisation from  ordinary  distilled  and  conductivity  water,  the  conductivity 
of  a  iV/64  solution  was  determined.  The  molecular  conductivity  was 
found  to  be  0573,  giving  a  value  for  ka  of  37  x  10~^. 

Alloxan. — Trlibsbach  [loc.  cit.)  also  determined  the  conductivity  of 
this  substance,  but  the  dilution  experiments  performed  by  him  did  not 
give  a  fixed  value  for  the  dissociation  constant.  Tlie  value  calculated 
from  the  conductivity  in  ^/64  solution  was  4*11  x  10~^. 

The  alloxan  used  by  the  author  was   supplied   by  Kahlbaum  and, 
after  being  recrystallised  from  conductivity  water,  was  dried  first  in 
the  desiccator  and  then  at   120°.     A  iV/04  solution   had  a  molecular 
VOL.    LXXXIX.  6    E 
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conductivity  of  2"156,  giving  a  dissociation  constant  of  2"32xl0"". 
The  alloxan  was  found  to  undergo,  in  solution,  the  same  kind  of  change 
as  was  noticed  with  parabanic  acid.  After  five  minutes  the  molecular 
conductivity  rose  from  2'156  to  2'466,  whilst  after  fourteen  hours  it 
had  a  value  of  11  •45.  Probably  this  fact  partly  accounts  for  the  high 
value  obtained  by  Triibsbach  for  the  dissociation  constant  of  alloxan. 

Succinimide. — The  sample  used  was  prepared  by  the  distillation  of 
ammonium  succinate. 

By  means  of  the  saponification  method  the  following  values  were 
obtained  : 

^  =  0-00453  3  yfc,^  =  3-02xl0-". 

Phthalimide. — This  substance  was  supplied  by  Kahlbaum. 

The  saponification  method  could  not  be  used  because  of  the  action  of 
the  phthalimide  on  the  indicator.  A  portion  of  the  substance  was 
recrystallised  from  alcohol  and  ether  and,  after  drying  at  120°,  the 
conductivity  of  the  recrystallised  product  was  determined.  The 
strongest  solution  which  could  be  prepared  had  a  concentration  of 
JVJ 25Q ;  the  molecular  conductivity  of  this  solution  was  found  to  be 
1 '99,  giving  a  dissociation  constant  of  1*09x10"'^.  The  conductivity 
of  the  solution  was  found  to  increase  either  when  it  was  kept  in  the 
cell  or  in  a  stoppered  flask.  After  standing  sixty  hours  in  a  closed 
flask  the  molecular  conductivity  had  increased  to  3-83,  whilst  after 
about  five  days  it  had  risen  to  8*1. 


Summary  of  Results. 

Dissociation 
Substance.  constant  x  10". 

/NH-CO. 

Barbituiic  aciil,  C0<  >CH2    1051-0 

\NH-CO/ 

/NH-CO. 
f.-Ethylbarbituric  acid,  C0<  )CHEt    383-0 

\nh-co/ 

.NH-CO 

Parabanic  acid,  C0<^  |        7*5 

^NH-CO 
,NH-CO. 
Alloxan,  C0<  >C0  2-32 

\nh-co/ 

/CO. 
Phthalimide,  CfiH/         >NH  r09 

\co/ 

/NH-CO. 

5  :  5-Dimetliylbarbituric  acid,  C0<  J>CMe2 0-73 

\NH-CO/ 
/NH-CO. 

5  : 5-Diethylbarbituric  acid,  C0<  >CEt2 0-37 

^NH-CO^ 
/NH-CHo. 
Oxyuracil,  C0<  >C0 '     0-025 

^nh-cq/ 
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Summary  of  Results  (continued). 

Substance. 
/NH-CH-NH-CO'NH„ 

Allantoin,  C0<  |  '    

\NH-CO 
/NH-CHo 
Hydantoin,  C0< 


^NH-CO 

/NH-CMe^ 

Methyluracil,  C0<  >CH  

^NH-CO-^ 

/NMe-CMe,. 
^/  ^CH 

^NH — CO/ 
/NH-CMe^ 
)3-Dimethylm-acil,  C0(  >CH  . 

\NMe-CO/ 
CHa'CO. 

Succinimide,   |  ^NH  

CHo-CQ/ 


o-Dimethyluracilj  C0<^ 


Dissociation 
constant  X  10^. 


•0117 

•00759 

•00314 

■00088 

■000?4 

•000302 


Discussion  of  Results. 

The  great  diversity  of  the  results  contained  in  the  preceding  table  is 
very  striking ;  the  first-mentioned  compound  is  an  acid  six  times  as 
strong  as  acetic  acid,  whilst  the  last  substance,  succinimide,  only 
possesses  one-quarter  of  the  acidity  of  phenol.  A  closer  examination 
will  show  that  the  substances  forming  the  table  can  be  divided  into 
four  groups,  as  follows  : 

(1)  Barbituric  acid  and  5-ethylbarbituric  acid,  both  of  which  have 
dissociation  constants  greatly  in  excess  of  the  others. 

(2)  Parabanic  acid,  alloxan,  5  :  5-dimethylbarbituric  acid  and  5  : 5-di- 
ethylbarbituric  acid. 

(3)  Oxyuracil,  allantoin,  hydantoin,  methyluracil,  a-dimethyluracil, 
and  /3-dimethyluracil,  all  of  which  have  dissociation  constants  much 
lower  than  those  possessed  by  the  members  of  group  (2). 

(4)  The  simple  imides,  phthalimide  and  succinimide. 

Reserving  until  later  a  consideration  of  group  (1),  a  compaHson  of 
the  constitution  of  the  members  of  groups  (2)  and  (3)  will  show  that  in 
all   cases   the   members   of    the   former    class   contain  the   grouping 

CO<C>g^TT.p/~w.,  whereas  in  no  member  of  the  latter  class  is  this  group- 
ing present.  In  the  presence  of  this  grouping  we  have  a  probable 
explanation  of  the  greater  acidity  possessed  by  members  of  the  second 
compared  with  that  possessed  by  members  of  the  third  group.  Each 
of  the  imino-groups  contained  in  the  above-mentioned  grouping,  being 
connected  with  two  carbonyl  groups,  will  be  possessed  of  acidic 
properties,  whereas  in  substances  of  the  third  class  there  is  only  one 

(>  E  2 
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such  imino-gi'oup,  the  other  not  being  attached  to  two  carbonyl  groups 
and  having  accordingly  much  feebler  acid  properties.  It  is  well 
known  that  in  the  case  of  certain  dibasic  carboxylic  acids,  for  example, 
succinic  acid,  the  two  carboxyl  groups  mutually  reinforce  each  other 
and  thus  give  rise  to  a  dissociation  constant  which  is  of  greater 
magnitude  than  would  have  been  the  case  in  the  absence  of  such 
stereochemical  influence.  It  appears  extremely  probable  that  in 
substances  which  contain  two  acidic  imino-groups  there  will  be  a 
similar  mutual  reinforcement,  and  consequently  such  substances  will 
have  higher  dissociation  constants  than  substances  of  a  similar  type 
which  only  contain  one  such  group. 

The  results  given  by  the  three  methyluracils  are  in  accordance  with 
what  might  have  been  expected  on  constitutional  grounds.  The 
introduction  of  a  methyl  group  in  place  of  hydrogen  generally  causes 
a  lowering  in  the  acidic  constant,  and  it  will  be  observed  that  both  the 
dimethyluracils  possess  smaller  dissociation  constants  than  the  mono- 
methyluracil.  A  comparison  of  the  formulae  of  the  isomeric  dimethyl- 
uracils, 

p^/NMe-CMe^p„  p^^NH-CMe^p„ 

a-Diniethyhiracil.  /3-Dimetliyhiracil. 

shows  that  in  the  a-compound  the  imino-group  is  united  to  two 
carbonyl  groups,  whereas  in  the  /3-derivative  it  is  only  attached  to  one 
carbonyl  group,  the  other  nitrogen  valency  being  satisfied  by  union 
with  an  ixnsaturated  carbon  atom.  It  would  naturally  be  expected 
that  the  a-compound  would  have  the  greater  acidity  and  this  is  con- 
firmed by  the  results  obtained  for  the  two  isomerides. 

With  regard  to  the  two  simple  imides  which  form  group  four,  the 
results  obtained  are  also  in  agreement  with  those  anticipated,  phthal- 
imide  being  much  stronger  than  succinimide,  just  as  phthalic  acid  is 
stronger  than  succinic  acid. 

Of  the  various  results  obtained  none  are  more  interesting  than  those 
given  by  barbituric  and  5-ethylbai'bituric  acids.  Both  substances  are 
seen  to  be  stronger  acids  than  acetic  acid,  and  both  can  be  estimated 
by  titration  with  alkalis,  using  the  ordinary  indicators.  The  dissocia- 
tion constants  of  these  subtances  are,  in  fact,  more  comparable  with 
those  of  the  carboxylic  acids  than  with  those  of  the  imides.  Hantzsch 
and  Voegelen  {loc.  cit.)  have  classed  barbituric  acid  as  a  pseudo-acid. 
Provided  that  no  change  other  than  one  of  a  tautomeric  nature 
occurred  on  solution,  the  positive  hydrogen  ion  of  barbituric  acid  would 
be  derived  either  from  one  of  the  imino-groups  or  from  the  methylene 
group.  All  the  available  evidence  goes  to  support  the  latter  view.  In 
the  first  place,  as  previously  mentioned,  the  dissociation  constant  is  much 
greater  than  those  of  imino-compounds  in  general.  The  5  :  5-dialkyl  acids 
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contain  the  same  two  imino-groups  as  the  original  barbituric  acid,  and  if 
the  positive  ion  were  derived  from  one  of  these  groups,  the  substituted 
acids  should  be  nearly  as  strong  as  the  parent  substance,  but  as  is  seen 
from  the  table  this  is  by  no  means  the  case,  the  dissociation  constant 
of  barbituric  acid  beicg  more  than  one  thousand  times  as  great  as 
those  of  the  dialkylbarbituric  acids.  If  further  proof  were  needed 
that  the  hydrogen  ion  is  derived  from  the  methylene  group,  it  is  found 
in  the  result  given  by  5-ethylbarbituric  acid.  In  this  substance  there 
is  still  one  of  the  hydrogen  atoms  of  the  methylene  group  unsubstituted, 
and  the  result  is  that  the  dissociation  constant  of  this  substance  is 
nearly  as  great  as  that  of  barbituric  acid.  Although  it  may  be  taken  as 
proved  that  the  acidity  of  barbituric  and  ethylbarbituric  acids  is 
primarily  due  to  the  presence  of  the  methylene  group,  no  explanation 
of  the  fact  can  as  yet  be  given.  It  does  not  appear  to  be  due  simply 
to  the  presence  of  the  gx'ouping  'CO'CH^'CO',  for  other  substances 
which  contain  the  same  grouping,  for  example,  malonic  ester  and  aceto- 
acetic  ester,  are  almost  devoid  of  acid  properties. 

University  College, 
Dundee. 


CLXXVIL — The   Affinity    Constants   of  Xanthine   and 
its  Methyl  Derivatives. 

By  John  Kerfoot  Wood. 

In  a  previous  paper  (Trans.,  1903,  83,  568)  the  author  gave  the 
results  of  the  determinations  of  the  affinities  of  a  number  of  feeble 
bases,  including,  amongst  others,  several  members  of  the  xanthine 
series.  Some  of  the  values  obtained  for  these  xanthine  derivatives 
were  not  in  agreement  with  those  expected  on  constitutional  grounds. 
It  was  therefore  decided  to  repeat  some  of  the  earlier  experiments, 
and  to  extend  the  investigation  so  as  not  only  to  include  other  methyl 
derivatives  of  xanthine,  but  also  to  detei'mine  the  acidic  dissociation 
constants  as  well  as  the  basic  constants. 

Particulars  Regarding  the  Substances  Employed. 

Xanthine. — A  portion  of  the  same  sample  as  was  used  in  the  earlier 
experiments  (loc.  cit.)  was  employed. 

Ileteroxanthine. — This  substance  was  prepared  by  Fischer's  method 
(i?er.,  1897,  30,  2,400). 

Theobromine. — The  sample  used  was  obtained  from  Merck. 
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Theophylline. — This  substance  was  also  obtained  from  Merck.  The 
sample  was  crystallised  from  water  and  then  dried  at  140°. 

Paraxanthine. — This  compound  was  prepared  by  Fischer's  method 
{loc.  cit.). 

Caffeine. — The  sample  used  was  supplied  by  Kahlbaum.  It  melted 
at  234°. 

Determinations  of  Basic  Constants. 

The  methods  used  were  those  based  on  : 

(1)  The  catalysis  of  methyl  acetate  (see  Walker  and  Wood,  Trans., 
1903,  83,  484). 

(2)  The  solubility  in  water  and  in  hydrochloric  acid  of  known 
concentration. 

The  majority  of  the  experiments,  as  previously,  were  conducted  at 
40"1°,  but  a  few  determinations  were  also  made  at  25°. 

Xanthine. — The  basic  constant  of  this  substance,  as  in  the  earlier 
experiments,  was  determined  by  the  solubility  method.  The  following 
results  were  obtained  at  40'1°. 

1000  c.c.  water  dissolved  0"1823  gram  xanthine. 

1000  c.c.  iV^/10  hydrochloric  acid  dissolved  0-2183  gram  xanthine. 

These  figures  give  a  value  for  the  basic  dissociation  constant  (ku)  of 
1*933  X  K,  where  K  is  the  dissociation  constant  of  water.  The 
value  of  if  at  40-1°  is  3-15  x  lO-i*  (Kohlrausch  and  Heydweiller,  Zeit. 
physilcal.  Chem.,  1894,  14,  317),  and  therefore  /t&  =  6-09  x  lO"!*. 
This  figure  is  of  the  same  dimensions,  but  of  rather  greater  magnitude , 
than  that  previously  determined,  viz.,  4*6  x  10"^*. 

ffeteroxanthine. — Determinations  of  the  solubility  at  40'1°  gave  the 
following  results  : 

1000  c.c.  water  dissolved  0*7325  gram  heteroxanthine. 

1000  c.c.  iV/10  hydrochloric  acid  dissolved  1*003  gram  hetero- 
xanthine. 

Therefore  V^=  3754  and  yfc6=  11*82  x  lO"!*. 

Theobromine. — Repeated  determinations  of  the  solubility  of  theo- 
bromine in  water  gave  a  result  greater  than  that  previously  obtained  ; 
the  value,  however,  for  the  solubility  in  hydrochloric  acid  was  in  close 
agreement  with  that  already  given.  The  following  are  the  mean 
values  obtained  : 

1000  c.c.  water  dissolved,  at  40*1°,  0*8125  gram  theobromine. 

1000  c.c.  iV/10  hydrochloric  acid  dissolved,  at  40*1°,  0*939  gram 
theobromine. 

From  these  figures  the  following  values  are  given  : 

hi K^  1-4.7  ;  /fc6-4*63xlO-». 
The  greater  value  obtained  for  the  solubility  in  water  on  the  present 


XANTHINE    AND    ITS   METHYL    DERIVATIVES.  1841 

occasion  has  caused  the  value  of  k^  to  fall  to  about  one-quarter  of  the 
figure  previously  determined. 

Theojihylline. — With  this  substance  it  was  found  possible  to  employ 
both  the  previously  mentioned  methods. 

Velocity  Constants  at  25°. 

JV/20  solution  of  theopliylliiie  hydrochloride  +  methyl  acetate    0  ■0001276 

iV/20-Cl  solution  (90  per  cent.  HCl,  10  percent,  KC1)  + methyl  acetate...     0-0001225 
iV/20-Cl  solution  (95         ,,  „       5        „         ,,)  + methyl  acetate...     0-0001328 

Calculating  from    these    results,    a  i\^/20   solution   of    theophylline 
hydrochloride  is  hydrolysed  to  the  extent  of  92*52  per  cent,  at  25°. 

Velocity  Constants  at  40-1°. 

iV720  solution  of  theophylline  hydrochloride  +  methyl  acetate    0-0005333 

iV/20-Cl  solution  (90  per  cent.  HCl,  10  per  cent.  KC'l)  +  methyl  acetate...     0-0005140 
iV720-Cl  solution  (95        ,,  ,,       5        „  ,,)  + methyl  acetate...     0-0005460 

These  results  show  a  iVy20  solution  of  theophylline  hydrochloride  to 
be  hydrolysed  to  the  extent  of  92*57  per  cent,  at  40-1°. 

Results  of  Solubility  Determinations. 


Temperature. 

Grams  of  theophylline 
per  1000  CO.  of  water. 

Grams  of  theophylline 

per  1000  c.c.  of 
iVyiO-hydrochloric  acid. 

25° 

6-607 

7-43 

40-1 

14-23 

15-70 

It  is  interesting  to  observe  how  much  more  soluble  is  theophylline 
than  most  of  the  other  members  of  this  series ;  caffeine,  in  fact,  is  the 
only  other  member  possessed  of  a  solubility  comparable  with  that  of 
theophylline. 

The  values  of  the  ratio  ^j/ZiT,  calculated  from  the  foregoing  data,  are 
given  in  the  following  table  : 

25°.  40-1°. 

Methyl  acetate  catalysis  method    ...         1*74  1-734 

Solubility  method 1-305  1*125 

The  results,  it  will  be  observed,  are  all  of  the  same  dimensions. 
Probably  most  reliance  can  be  placed  on  those  arrived  at  by  the 
methyl  acetate  method,  in  which  errors  are  not  as  likely  to  occur  as  in 
the  solubility  method  ;  a  slight  error  in  the  determination  of  one  of 
the  solubilities  would  cause  a  proportionately  greater  error  in  the 
value  of  kttjK.  In  the  case  of  the  results  obtained  by  the  catalysis 
method,  it  will  be  noticed  that  the  value  of  khjK  is  unaffected  by  a 
change  of  temperature.  Taking  the  value  of  kuj K  found  by  the 
catalysis  method,  the  basic  dissociation  constant  of  theophylline  at 
40*1°  is  calculated  to  be  5*46  x  10  -  ^K 
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Paraxanthine. — With  this  substance  it  was  impossible  to  prepare 
a  solvxtion  of  sufficient  concentration  to  permit  of  the  methyl  acetate 
method  being  employed.  Determinations  of  the  solubility  at  40*1° 
gave  the  following  results  : 

1000  CO.  water  dissolved  1-06  grams  paraxanthine. 

1000  CO.  iV/10  hydrochloric  acid  dissolved  1'17  grams  paraxanthine. 

From  these  figures  the  following  values  are  obtained  : 

h/K  =  1-044;  h  =  3-29   x   10 -i^. 

Caffeine. — A  determination  by  the  methyl  acetate  catalysis  method 
showed  caffeine  hydrochloride  to  be  hydrolysed  to  the  extent  of 
89 '7  per  cent,  in  iV7lO  solution  at  40*1°.  This  figure  is  identical  with 
that  previously  determined  {loc.  cit.).  Therefore,  as  previously  found, 
^-6  =  40x10-14. 

Determination  of  Acidic  Constants. 

The  method  chiefly  employed  was  that  of  the  saponification  of 
methyl  acetate  by  the  sodium  salt  of  the  substance  (Shields,  Zeit. 
physikal.  Chem.,  1893,  12,  167),  the  results  being  calculated  by  means 
of  the  equation  given  in  the  preceding  paper.  The  velocity  of 
saponification  of  methyl  acetate  being  much  greater  than  that  of  the 
catalysis  of  the  same  substance,  and  the  velocity  increasing  with  the 
temperature,  the  determinations  were  made  at  25°,  instead  of  at  40' 1° 
as  in  the  case  of  the  determination  of  the  basic  constants.  With  one 
or  two  substances  the  acidic  constant  was  calculated  from  the  solu- 
bilities in  water  and  in  ^/20  sodium  hydroxide ;  these  solubility 
experiments  were  conducted  at  40 "1°. 

Xanthine. — The  solubility  method  was  employed,  and  the  following 
results  obtained  : 

1000  c.c.  water  dissolved  0-1823  gram  xanthine. 

1000  c.c.  iV/20  sodium  hydroxide  dissolved  6-405  grams  xanthine. 

From  these  data  it  is  found  that  halK=  3767,  and  therefore  at 
40-1°  A:«=  1-186x10-10. 

Heteroxanthine. — With  this  substance  also  the  solubility  method 
was  employed. 

1000  c.c.  water  dissolved  0*7325  gram  heteroxanthine. 
1000  c.c.  NI20  sodium   hydroxide  dissolved   7-781    grams   hetero- 
xanthine. 

Therefore  kalK=  1276  and  ka  =  4'019  x  10  "  ^\ 

Theobromine. — The  determination  of  the  velocity  with  which  the 
sodium  salt  of  this  compound  saponifies  an   equivalent  quantity  of 
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methyl  acetate  is  rendered  more  difficult  by  the  slight  solubility  of 
the  compound.  After  the  action  has  proceeded  to  some  extent,  the 
theobromine,  being  no  longer  kept  in  solution  as  the  sodium  salt, 
begins  to  be  precipitated.  The  conditions  of  equilibrium  are  thus 
changed,  and  it  is  impossible  to  obtain  readings  at  the  most  trust- 
worthy part  of  the  change,  namely,  the  middle  portion.  It  is 
possible,  however,  to  obtain  a  very  good  estimate  of  the  velocity 
of  saponification  by  comparing  the  readings  during  the  initial  period 
of  the  saponification  of  methyl  acetate  by  solutions,  of  equal  con- 
centration, of  sodium  theobromine  and  sodium  phenoxide  respectively. 
The  figures  for  the  two  reactions  are  shown  below ;  in  both  cases 
25  c.c.  of  the  solution  of  the  alkali  salt  were  mixed  with  an  equal 
volume  of  the  solution  of  methyl  acetate. 

iV/25  sodium  theobromine  -1-  iV/25  methyl  acetate  : 

k. 

0-00097 
0-00104 
000111 

tV/25  methyl  acetate : 


0-00080 
0-00093 
0-00094 

It  will  be  observed  that  the  values  obtained  for  k  are  in  both  cases 
of  gradually  increasing  magnitude.  Such  inconstancy  is  always  noticed 
when  results  are  calculated  from  observations  made  during  the  initial 
period  of  the  reaction.  The  rate  of  increase  of  k  is  almost  the  same  in 
both  series,  the  ratios  between  corresponding  figures  of  the  first  and 
second  series  being  respectively  1-21,  1"12,  and  1*18.  It  is  evident, 
therefore,  that  the  saponification  of  the  ester  by  the  salt  of  theo- 
bromine is  proceeding  at  a  rate  which,  on  the  average,  is  1-17  times 
as  great  as  that  with  which  the  saponification  by  sodium  phenoxide 
proceeds.  The  velocity  of  saponification  being  inversely  proportional 
to  the  acidic  dissociation  constant,  and  the  dissociation  constant  of 
phenol  at  25°  being  1-3  x  IQ-io  (Walker  and  Cormack,  Trans.,  1900, 
77,  18),  it  follows  that  the  acidic  dissociation  constant  of  theobromine 
is  approximately  I'll  x  10 "i*^. 

Theodor  Paul  {Arch.  Pharm.,  1901,  239,  48)  calculated  the  dis- 
sociation constant  at  18°  from  the  results  of  determinations  of  the 
solubility  in  water  and  in  solutions  of  sodium  hydroxide.  The  result 
obtained  was  1-3.'}  x  10"^,  but  an  error  appears  to  have  been  made  in 


Time. 

Titre. 

0 

7-92 

61 

5-72 

81 

5-39 

117 

4-95 

lium 

phenoxide  + 

1V725 

Time. 

Titre. 

0 

7-92 

63 

5-85 

83 

5-47 

119 

510 
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the  calculation.  A  recalculation  by  the  author  from  Paul's  data 
gave  a  value  for  k^  of  0*91  x  10"^*^,  which,  allowing  for  the  differ- 
ence in  temperature,  is  in  good  agreement  with  the  value  given 
above. 

Theophylline. — No  difficulty  of  the  kind  experienced  with  theo- 
bromine was  met  with  in  the  case  of  theophylline,  and  it  was  there- 
fore possible  to  calculate  the  dissociation  constant  from  the  readings 
obtained  during  the  middle  period  of  the  saponification.  The  results 
obtained  were  as  follows  : 

;t  =  0  0000845  ;  y5;a=  1-62  X  10-9. 

Experiments  on  the  solubility  of  theophylline  in  water  and  sodium 
hydroxide  were  made.  It  was  found  that  the  additional  amount  of 
theophylline  which  passed  into  solution  because  of  the  presence  of  the 
alkali  was  equivalent  to  the  amount  of  the  latter,  thus  showing  that 
theophylline  is  a  comparatively  strong  acid,  the  sodium  salt  of  which 
is  not  appreciably  hydrolysed  in  solution. 

Paraxanthine. — For  this  substance  also,  the  saponification  method 
was  employed,  giving  as  results  : 

A;  =  0-0000616  and  A;«  =  2-22  x  10-9. 

Caffeine. — This  compound  is  almost  devoid  of  acidic  propex'ties.  A 
solution  of  it  in  sodium  hydroxide  saponified  methyl  acetate  with  a 
velocity  almost  as  great  as  that  shown  by  the  pure  alkali.  Moreover, 
the  solubility  in  a  solution  of  sodium  hydroxide  is  only  very  slightly 
greater  than  that  in  pure  water.  The  value  of  ka  is  evidently,  there- 
fore, of  dimensions  less  than  1  x  lO"^*. 

Summary  of  Results. 

^•6X10".       Temp.        XaXlO^i.       Temp. 
NH-CO-C-NH. 

Xanthine,    |  ||  >CH     4-6  40-1°  11-86  40-1° 

CO-NH-C  — N^ 

NH-CO-C-NMe. 
Heteroxanthine,   |  ||  >CH...       11-82  40-1  4-019  40-1 

CO-NH-C N^ 

NH-CO-C-NMe. 
Theobromine,    |  ||  );CH    ...         4-63  40-1  11 -1  25-0 

CO-NMe-C N^ 

NMe-CO-C-NH. 

Theophylline,    |  ||  >CH 5-46  40-1  162-0  25-0 

CO-NMe-C— N^ 
NMe-CO-C-NMev 
Paraxanthine,   |  ||  >CH   ...         3-29  40-1  222-0  25-0 

CO-NH-C N^ 

NMe-CO-C-NMe. 

Caffeine,    |  !|  >CH    4*0  40-1  <0-001  25-0 

CO-NMe-C N^ 
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Before  comparing  in  any  way  the  results  given  in  the  above  table, 
one  or  two  points  require  to  be  specially  mentioned.  The  methods 
used  for  the  determination  both  of  the  basic  and  the  acidic  constants 
have  not  been  the  same  for  all  the  substances  examined,  and  it  might 
perhaps  be  urged  that  this  difference  in  method  made  any  comparison 
of  the  results  of  uncertain  value.  This  objection  vanishes,  however, 
when  it  is  recalled  that  for  each  series  of  constants  the  results  for  one 
substance  have  been  arrived  at  by  both  methods.  Thus,  in  the  case 
of  the  basic  constants,  the  constant  of  theophylline  was  determined 
both  by  the  methyl  acetate  catalysis  method  and  by  the  solubility 
method,  the  values  obtained  being  of  similar  dimensions.  In  the  case 
of  the  acidic  constants,  the  fact  that  the  dissociation  constant  of  theo- 
bromine as  found  by  the  saponification  method  is  in  close  agreement 
with  that  of  the  same  substance  calculated  from  Paul's  solubility  data 
shows  that  the  results  arrived  at  by  the  two  methods  are  strictly 
comparable. 

The  effect  of  temperature  on  the  results  must  also  be  referred  to, 
seeing  that  in  the  case  of  the  acidic  constants  results  are  given  at  two 
temperatures.  This  difference  in  the  working  temperature  was  largely 
due  to  the  desire  to  obtain  results  of  the  greatest  possible  accuracy. 
A  comparatively  low  temperature  was  found  to  be  the  best  in  the  case 
of  the  saponification  method,  whilst  in  the  case  of  the  solubility 
method  it  was  considered  that,  the  solubilities  of  some  of  the  sub- 
stances being  very  small,  more  accurate  results  could  be  obtained  by 
working  at  a  higher  temperature.  For  purposes  of  comparison,  it  will 
be  sufficient  to  state  that  at  40*  1°  ka  will  have  a  value  rather  greater 
than  twice  the  value  which  it  has  at  25° ;  this  result  was  arrived  at 
by  experiments  made  with  theophylline  by  the  saponification  method. 

Discussion  of  Results. 

It  has  been  pointed  out  by  Walker  (Trans.,  1903,  83,  182;  Proc. 
Roy.  Soc,  78,  A,  140)  that  the  value  k()  is  a  composite  expression  con- 
taining not  only  the  real  ionisation  constant  of  the  base,  but  also 
a  hydration  constant.  If  the  hydration  remained  constant,  it 
might  be  expected  that  the  values  of  ku  would  gradually  increase  as 
the  number  of  methyl  groups  in  the  xanthine  nucleus  increased.  It 
seems  reasonable  to  suppose  that  with  substances  of  similar  constitution 
such  as  those  examined  the  degree  of  hydration  will  not  vary  to  any 
great  extent,  and  on  this  assumption  it  will  be  evident  that  there  can 
likewise  be  no  great  difference  in  the  values  of  the  true  ionisation 
constants,  since  for  all  the  substances  ki,  has  nearly  the  same 
magnitude. 
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The  matter  becomes  simpler  when  acids  are  under  consideration,  for 
in  such  cases  the  process  of  hydration  does  not  as  a  rule  form  part  of 
the  operation  of  solution.  The  general  effect  of  the  substitution  of  a 
hydrogen  atom  by  a  methyl  group  might  be  expected  to  be  a  very 
slight  diminution  in  the  value  of  the  acidic  constant,  and  it  will  be 
observed  that  in  the  transition  from  xanthine  to  hetei-oxanthine  such 
an  effect  on  the  value  of  ha  is  pi'oduced.  But  when  we  proceed  further 
and  replace  a  second  hydrogen  atom  by  a  methyl  group,  it  is  observed 
that  ka,  instead  of  undergoing  a  further  slight  diminution,  assumes  in 
all  cases  a  much  greater  value,  the  increase  being  most  noticeable  in 
the  cases  of  paraxanthine  and  theophylline.  The  imino-groups  which 
are  now  strongly  acidic  were  present  in  the  parent  substance  xanthine, 
and  yet  that  substance  has  an  acidic  dissociation  constant  which  is  only 
a  small  fraction  of  those  possessed  by  the  dimethylxanthines.  This 
great  augmentation  of  the  value  of  ha  can  only  be  explained  by  tho 
assumption  of  some  stereochemical  change  taking  place  on  the  intro- 
duction of  the  second  methyl  group,  the  change  produced  being 
least  when  substitution  takes  place  at  position  3  of  the  xanthine 
nucleus. 

The  almost  complete  freedom  from  acid  characteristics  shown  by 
caffeine  is  in  accordance  with  what  might  be  expected  on  constitutional 
grounds,  since  it  contains  no  imino-group. 

A  comparison  of  the  values  of  ka  given  by  the  isomeric  dimethyl- 
xanthines is  also  of  interest  when  taken  in  conjunction  with  their 
respective  constitutions.  From  our  general  knowledge  as  to  the 
negative  character  of  the  carbonyl  group,  it  might  have  been  reasonably 
expected  that  theobromine,  in  which  the  imino-group  is  attached  to  two 
carbonyl  groups,  would  possess  a  value  for  ka  greater  than  those  given 
by  paraxanthine  and  theophylline,  in  both  of  which  substances  the 
imino-group  is  only  connected  with  one  carbonyl  group.  This  view  is 
supported  by  some  of  the  results  described  in  the  previous  paper  ;  for 
example,  those  obtained  with  the  dimethyluracils.  The  results  obtained, 
however,  with  the  dimethylxanthines  show  that  the  positions  are 
entirely  reversed,  paraxanthine  having  the  highest  and  theobromine 
the  lowest  value  for  ha-  Were  it  not  for  the  fact  that  the  constitu- 
tion of  these  substances  appear  to  have  been  fixed  with  certainty  by 
Fischer  and  others,  it  might  almost  be  believed  that  some  confusion 
between  the  two  had  taken  place,  and  that  theobromine  should  really 
have  the  formula  ascribed  to  paraxanthine,  and  vice  versd.  In  the 
circumstances,  however,  this  view  cannot  be  entertained,  and  we  must 
therefore  conclude  that  in  the  case  of  the  dimethylxanthines  the 
ordinary  influences  of  the  carbonyl  group  are  not  seen  because  of  the 
stereochemical  influence  of  the  methyl  groups  being  more  jDowerful  and 
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varying    in   magnitude  according    to    the    positions    in   the    xanthine 
nucleus  occupied  by  the  methyl  groups. 

In  view   of  the  interesting    results  obtained,    the   investigation  is 
being  extended  to  other  purine  derivatives. 

University  College, 
Dundee. 


CLXXVIIL — Xanthoxalanil  and  its  Analogues. 

By  Siegfried  Ruhemann. 

Recently  (Trans.,  1906,  89,  1236)  it  has  been  shown  that  the  yellow 
product  which  W.  Wislicenus  and  Sattler  {Ber.,  1889,  24,  1245) 
obtained  by  the  action  of  sodium  ethoxide  on  a  mixture  of  ethyl 
oxalate  and  acetanilide  had  the  composition  CgoH^gC^s^a  J  ^^  ^^^ 
found  also  that  similar  compounds  could  be  prepared  by  using,  instead 
of  acetanilide,  the  acetyl  derivatives  of  o-toluidine,  jt^-toluidine,  and 
a-naphthylamine.  This  reaction  has  now  been  applied  to  the  produc- 
tion of  analogous  substances  from  the  acetyl  derivatives  of  ??i-xylidine, 
pseudocumidine,  /3-naphthylamine,  and  ^j-aminophenetole.  It  was  sug- 
gested (loc.  cit.)  that  the  formation  of  xanthoxalanil  was  preceded  by 
the  production  of  sodio-oxalacetanil, 

which,  on  treatment  with  a  mineral  acid,  yielded  the  coloured  condensa- 
tion product.  Its  constitution  accordingly  was  represented  by  the 
formula 

This  view  concerning  the  mode  of  formation  of  xanthoxalanil  induced 
me  to  examine  whether  the  solution  of  sodio-oxalacetanil,  when  treated 
with  pyruvic  acid,  instead  of  with  a  mineral  acid,  furnished  the 
compound 

^CO-C:C(CH3)-C02H' 

just  as  indoxyl  condenses  with  the  ketonic  acid  to  yield  the  correspond- 
ing indogenide ;  I  found,  however,  that  this  reaction  did  not  take 
place,  but  that  in  this  ease  also  xanthoxalanil  was  formed. 

In  my  previous  communication  {loc.  cit.,  p.  1239)  T  pointed  out  tliat 
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xanthoxalanil,  on  beating  with  an  alkali,  might  be  expected  to  undergo 
the  following  decomposition  : 

^^^<CO.C=  C-CO>^^^  +  ^^^^  =  2C,H,.NH2  +  (CO^H)^  + 

C02H-CH2-C(C02H):CH-C02H, 

and  furnish  aconitic  acid  or  its  stereoisomeride.  W.  Wislicenus  and 
Sattler  [loc.  cit.)  had  already  studied  this  reaction  ;  they  stated  that 
the  compound  was  completely  decomposed  by  caustic  potash  and  yielded, 
besides  aniline  and  oxalic  acid,  a  mixture  of  volatile  organic  acids 
which  reduced  silver  solutions,  but  they  did  not  succeed  in  proving  the 
px'esence  of  acetic  acid  which  they  expected  to  be  formed.  On  repeat- 
ing this  experiment  I  was  able  to  pi'ove  that  the  alkaline  solution, 
which  was  produced  by  the  action  of  caustic  potash  on  xanthoxalanil, 
contained  oxalic  acid  and  dianilaconitic  acid.  Their  formation  might 
be  represented  by  the  equation 

(COaH)^  +  C3H3(C02H)(CO-NHPh)2. 

Similar  to  the  decomposition  of  xanthoxalanil  is  the  behaviour  of 
alkalis  towards  its  analogues ;  thus  from  xanthoxalo-??i-xylidil,  m-dixylil- 
aconitic  acid  could  be  obtained.  On  hydrolysis  of  dianilaconitic  acid 
with  concentrated  hydrochloric  acid,  aconitic  acid  is  produced.  These 
facts  support  the  constitution  of  xanthoxalanil  and  its  analogues  which 
I  put  forward  from  the  mode  of  their  formation. 

These  compounds  when  reduced  with  zinc  dust  and  acetic  acid,  are 
transformed  into  colourless  substances.  Up  to  the  present  I  have 
isolated  the  reduction  product  which  is  formed  from  m-xanthoxalo" 
»n-xylidil.  Its  composition,  Co4H2g05No,  indicates  that,  under  the 
influence  of  the  reducing  agent,  the  yellow  condensation  product  has 
united  with  six  atoms  of  hydrogen.  There  cannot  be  any  doubt  that 
two  of  them  are  united  with  the  unsaturated  group  of  the  molecule  of 
the  yellow  compound  ;  I  hope  to  be  able  to  ascertain  the  position  of 
the  other  four  hydrogen  atoms  in  the  reduced  substance  by  examining 
the  behaviour  of  this  substance  towards  alkalis.  The  results  of  this 
examination,  and  of  the  further  study  of  xanthoxalanil  and  its  analogues, 
will  be  published  shortly. 
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Experimental. 
Xanthoxalo-Ya.-xylidil, 

(1  :3)(CH3),C,H3(4)N<^^,^_!_^^^^>N(4).C,H,(CH3),(1 :3). 

This  substance  is  prepared  in  the  same  way  as  xanthoxalanil  by 
adding  ethyl  oxalate  to  sodium  ethoxide  suspended  in  dry  benzene, 
and  mixing  the  solution  which  is  thus  produced  with  aceto-?n-xylidide 
dissolved  in  benzene.  The  product,  after  standing  for  several  days, 
is  shaken  with  water,  the  aqueous  layer  filtered  and  treated  with  an 
excess  of  dilute  hydrochloric  acid,  when  a  yellow  solid  is  precipitated  in 
the  course  of  a  few  hours.  This  is  readily  soluble  in  hot  nitrobenzene, 
sparingly,  however,  in  boiling  glacial  acetic  acid,  and,  on  cooling, 
crystallises  from  either  solution  in  yellow  plates  which  melt  and 
decompose  at  about  244°  after  having  begun  to  darken  a  few  degrees 
before  : 

0-2280  gave  13-6  c.c.  moist  nitrogen  at  20°  and  756  mm.     N=  6-78. 
CojiHgoOgNo  requires  N  =  6'73  per  cent, 

Xanthoxalo-xp-cuonidil, 

(1 :2:4)(CH3)3CeH2(5)N<^^,^_i_^_^^>N(5).C,H,(CH3)3(l  :2:4). 

Aceto-i//-cumidide  reacts  with  sodium  ethoxide  and  ethyl  oxalate 
under  the  same  conditions  as  the  former  compound,  and  yields  a 
yellow  condensation  product.  This  is  very  readily  soluble  in  hot 
nitrobenzene,  but  sparingly  so  in  boiling  glacial  acetic  acid,  and,  on 
cooling,  crystallises  in  yellow  prisms  which  begin  to  darken  at  220° 
and  melt  at  about  250°  with  decomposition  : 

0-2014  gave  05190  CO,  and  0-0990  H2O.     C  =  70-28 ;  H  =  5-46. 
0  2498     „     14  c.c.  moist  nitrogen  at  18°  and  757  mm.     N  =  6-44. 
C26H2AN2  requires  C  =  70-27  ;  H  =  5-40  ;  N  =  6-30  per  cent. 

Xanthoxalo-^-naphthylanil, 

This  substance  is  formed  from  aceto-/3-naphthalide  in  the  same  way 
as  its  stereoisomeride.  It  differs  from  it  inasmuch  as  it  dissolves  in 
boiling  nitrobenzene  with  great  difficulty,  and,  on  cooling,  crystallises 
in  bronze-coloured,  shining  plates  which  decompose  at  about  290° : 
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0-2013  gave  0-5375  COg  and  0-0635  HgO.     C  =  72-82  ;  H  =  3-53. 
0-2192     „     12-2  c.c.  moist  nitrogen  at  27°  and  760  mm.      N  =  6-14. 
asH^fiOsNg  requires  C  =  73-0  ;  H  =  3*47  ;  N  =  6-08  per  cent. 

XantJioxalo-^-etJioxylanil, 

This  compound  is  prepared  in  the  same  way  as  the  former  substances 
by  the  action  of  phenacetin  on  ethyl  oxalate  in  the  presence  of 
sodium  ethoxide.  Owing  to  the  fact  that  phenacetin  is  sparingly 
soluble  in  benzene,  a  large  quantity  of  the  solvent  is  required.  The 
condensation  product  is  sparingly  soluble  in  glacial  acetic  acid,  but 
readily  so  in  hot  nitrobenzene,  and,  on  cooling,  crystallises  in  orange 
plates  which  melt  at  about  260°  with  decomposition : 

0-2493  gave  13-6  c.c.  moist  nitrogen  at  18°  and  755  mm.     ]S1"=  6-25. 
^24^20^7-^2  I'equires  N  =  6-25  per  cent. 

Action  of  Alkalis  on  Xanthoxalanil  and  its  Homologues. 

On  digesting  xanthoxalanil  with  dilute  caustic  potash  on  the  water- 
bath,  it  dissolves  and  deposits  an  oil  which  was  identified  as  aniline. 
The  yellow  alkaline  solution,  after  removal  of  the  aniline  by  ex- 
traction with  ether,  when  treated  with  an  excess  of  dilute  hydro- 
chloric acid,  yields  a  solid.  This  dissolves  in  sodium  carbonate  and 
is  precipitated  on  adding  an  acid  to  the  solution.  This  property  has 
been  made  use  of  for  purifying  the  compound.  It  is  readily  soluble 
in  alcohol,  and  crystallises  from  this  solution  in  bunches  of  colourless 
needles  which  melt  at  199—200°  after  having  begun  to  soften  a  few 
degrees  before  : 

0  2048  gave  0-4992  CO^  and  0*0913  HgO.     C  =  66-48  ;  H  =  495. 
0-2116     „     16-4  c.c.  moist  nitrogen  at  25°  and  769  mm.     N  =  8-75. 
CisHioO^Ng  requires  0  =  66-67;  H  =  4  -94  ;  N  =  8-64  per  cent. 

The  behaviour  of  this  substance,  which  is  recorded  below,  charac- 
terises it  as  dianilaconitic  acid.  Michael  {Amer.  Chem.  J.,  1887,  9, 
192)  obtaiced  a  compound  with  this  formula  by  allowing  an  aqueous 
solution  of  the  dianiline  salt  of  aconitic  acid  to  remain  for  some  time 
at  the  ordinary  temperatui-e ;  he  stated  that  it  crystallised  from 
alcohol  in  long,  prismatic  needles,  which  had  a  faint  pink  shade 
and  melted  at  188 — 189°.  These  properties  of  Michael's  dianilaconitic 
acid  hardly  differ  from  the  behaviour  of  the  substance  which  1 
obtained  from  xanthoxalanil  except  in  the  melting  point.  Indeed, 
isomeric  dianil  derivatives  would  correspond  to  a  compound  having  the 
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same  structure  as  aconitic  acid,  but  a  closer  comparison  of  the  two 
substances  will  be  necessary  before  they  can  be  regarded  as  different. 

The  production  of  dianilaconitic  acid  from  xanthoxalanil  is  accom- 
panied by  the  formation  of  oxalic  acid.  This  is  contained  in  the  acid 
filtrate  from  the  derivative  of  aconitic  acid  ;  it  was  characterised  by  a 
calcium  determination  of  the  salt  which  is  precipitated  from  the 
solution  by  means  of  ammonia,  calcium  chloride,  and  acetic  acid  : 

0-4410,  on  ignition,  left  0-1695  CaO.     CaO  =  38-43. 

CaCgO^jHgO  requires  CaO  =  38*35  per  cent^ 

That  the  compound  which  is  formed  from  xanthoxalanil  is  indeed 
dianilaconitic  acid  follows  from  its  behaviour  on  hydrolysis,  when 
aconitic  acid  and  aniline  are  produced.  This  decomposition  may  be 
effected  by  caustic  potash,  as  is  indicated  already  by  the  fact  that 
aniline  is  formed  on  digesting  xanthoxalanil  with  the  alkali,  but  it  is 
preferable  to  use  concentrated  hydrochloric  acid  for  this  purpose. 
The  solid  dissolves  after  two  to  three  homes'  boiling  with  the  acid. 
The  solution,  when  cold,  is  extracted  several  times  with  ether  and 
the  ethereal  solution  decolorised  with  animal  charcoal ;  on  evapor^ 
ating  the  ether,  colourless  crystals  of  an  acid  separate  which  was 
identified  as  aconitic  acid  by  the  melting  point  (186 — 187°)  and  by 
the  analysis  of  the  silver  salt : 

0-2520,  on  ignition,  left  0-1642  Ag,     Ag=  65-15. 

CgHgOgAgg  requires  Ag  =  65-45  per  cent. 

Di-m-xylidilaconitic  Acid,  C3H3(C02H)[CO-N'H-C6H3(CH3)2]2. 

On  digesting  xanthoxalo-m-xylidil  with  dilute  aqueous  caustic  potash, 
it  turns  red  and  then  rapidly  dissolves.  The  yellow  solution,  when 
treated  with  an  excess  of  dilute  hydrochloric  acid,  yields  a  solid  which 
readily  dissolves  in  boiling  alcohol  and,  on  cooling,  crystallises  in 
bunches  of  colourless  needles ;  these,  after  recrystallisation  from  the 
same  solvent,  melt  at  196 — 197°  with  evolution  of  gas  : 

0-2193  gave  14-4  c.c.  moist  nitrogen  at  20°  and  758  mm.      ]Sr  =  7-49. 
C22H24O4N2  requires  N  =  7-37  per  cent 

Reduction  of  Xantlioxalo-va-xylidil. 

The  boiling  solution  of  xanthoxalo-?n-xylidil  in  glacial  acetic  acid 
is  decolorised  by  zinc  dust ;  on  adding  water  to  the  filtrate,  a  solid  is 
precipitated  which  dissolves  slowly  in  cold  sodium  carbonate  solution 
with  the  exception  of  a  small  quantity  of  a  resinous  product.  The 
filtrate,  when  treated  with  an  excess  of  hydrochloric  acid,  yields  a 
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white  precipitate  which  crystallises  from  dilute  alcohol  in  colourless 
plates  melting  at  160 — 161°  : 

0-2013  gave  0-5025  COg  and  0-1118  H2O.     0  =  68-13  ;  H  =  6-17. 
0-2020     „     0-5055  CO2    „    0-1121  HgO.     0  =  68-24 ;  H  =  6-16. 
0-2116     „     12-2  c.c.  moist  nitrogen  at  17°  and  755  mm.    N  =  6-64. 
Og^HgoOgNa  requires  0  =  68-24  ;  H  =  6-16  ;  N  =  6-63  per  cent. 

The  substance  is  fairly  soluble  in  cold  alcohol,  readily  so  when 
hot ;  the  alcoholic  solution  gives  with  ferric  chloride  a  deep  violet 
coloration  which,  on  warming,  changes  to  red. 

GONVILLE   AND   CaIUS   COLLEGE, 

Camdridge. 


CLXXIX. — The  Influence  of  Various  Suhstituents  on  the 
Optical  Activity  of  Tartr amide.     Part  II. 

By  Percy  Faraday  Frankland  and  Douglas  Frank  Twiss,  M.Sc. 

In  a  previous  communication  on  the  same  subject,  the  optical  activity 
of  seventeen  derivatives  of  tartramide  has  been  described  by  one  of  us 
(P.  F.  Frankland  and  Slator,  Trans.,  1903,  83,  1349),  but  amongst 
these  only  the  methylamide  and  ethylamide  were  derivatives  of  tartaric 
acid  with  aliphatic  amines.  In  the  present  communication  we  have 
confined  our  attention  to  the  latter,  having  prepared  and  examined  the 
normal  and  isopropylamides,  the  allylamide,  the  noi^'mal  and  iso- 
butylamides,  and  the  normal  heptylamide.  The  rotation  of  these 
compounds  has,  as  before,  been  determined  in  pyridine,  and,  when 
possible,  also  in  methyl  alcohol,  and  in  water  solution. 

The  amides  described  in  the  present  paper  were  prepared  by  the 
interaction  in  the  cold  of  the  amine  with  an  alcoholic  solution  of 
methyl  tartrate,  and  all  were  obtained  as  crystalline  bodies  of  high 
melting  point  (183 — 216°).  Excepting  in  the  case  of  the  ^sopropyl- 
amide,  of  which  only  23  per  cent,  of  the  theoretical  quantity 
was  obtained,  the  yields  were  excellent,  and  in  the  case  of  the  isopro- 
pylamide  also  a  better  yield  would  no  doubt  have  resulted  if  the 
alcohol  had  been  evaporated  off  after  completion  of  the  reaction. 

The  results  of  our  investigation  are  summarised  in  the  following 
table  : 
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Summary  of  Results  : 


Melting 
Tartaric  di-  point. 

Amide 195° 

Methylamide 189 

Ethylamide    210—211 

7i-Propylamide  216 

isoPropylamide  189 

Allylamide 183 

m-Butylamide 193 

isoButylamide    183 '5 

7i-Heptylamide  183 


Pyridine.      Methyl  alcdliol.  Water. 


p- 

[M]f 

P- 

[il]-".^ 

P- 

[M]f. 

— 

— . 

0-0807 

+  208° 

0-077 

f  160° 

— 

— 

0-1797 

213 

1  -305 

158 

0-684 

+  274° 

4-998 

266 

0-994 

255 

7-679 

279 

4-986 

262 

10-350 

242 

1-049 

277 

4-997 

282 

1-390 

262 

5-030 

279 

5-001 

281 

7-468 

256 

2196 

289 

2-019 

290 

1-808 

264 

4-741 

287 

4-857 

290 

2-717 

260 

1-654 

272 

1-910 

273 

1-398 

247 

4-665 

272 

4-867 

272 

4-682 

247 

2-528 

251 

2-900 

•273 

2-392 

247 

4-735 

252 

5-914 

270 

4-697 

246 

1-899 

286 

0-907 

298 

0-258 

280 

4-801 

288 

4-416 

291 

— 



1-753 

295 

1-007 

306 

0-549 

275 

5-064 

294 

5-432 

305 





1-621 

304 

0-9951 

303 





3-579 

305 

— 

— 

— 

— 

With   the    above    may    be    compared    the    previously-determined 
rotations  of  the  following  substitution  derivatives  of  tartramide : 


Water. 

+  170° 
+  216 


[M]f. 

Tartaric  di-  Pyridine.     Methyl  alcohol. 

Piperidide*     +0°  — 

Phenylhydrazide    <+80  — 

DiactrtylLtartaric]-o-toliiidide  +80  — 

Hydrazide  —  — 

«e-Tetrahydro-)3-nai(hthylannde  *  +240  — 

Tartranil +272  +268° 

Benzylaniide  +300  — 

Fiirfurylaniide    +307  — 

Tartaric-p-toluil +366  +280 

Acetoplienone-hydrazone +397  — 

o-Naphthylamide  +400  — 

Benzylidene-hydrazide +554  — 

ti-Toluidide     +667  — 

m-Toluidide    +730  — 

Fiufurylidene-hydrazidc  +736  — 

Anilide    .'. ...  +739  — 

ji^Toluidide +793  — 

rtr-Tetrahydro-j3-naphthy laniide  * +  840  — 

/3-Xaplithylainide +1160  — 

Methyltartrimide  t   —  — 

Ethyltartrimide  t —  — 

•  Frankland  and  Ornierod,  Trans.,  1903,  83,  1342. 
t  Ladenbiirg,  Bcr.,  1890,  29,  2710. 


The   foregoing  figures  show  that  all    the  substituted  tartramides, 
excepting  the  phenylhydrazide  and  piperidide,  have  a  higher  dextro- 

(1  V  2 


+  281-6 
+  264-3 
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rotation  than  tartramide  itself,  and  that  substitution  by  aromatic 
radicles  leads  to  a  dextrorotation  of  a  much  higher  order  than 
that  resulting  from  substitution  by  aliphatic  groups.  The  piperidide 
is  inactive,  at  any  rate  in  pyridine  and  in  aniline  solutions,  which  wei'e 
the  only  ones  in  which  it  was  examined.  The  benzylamide  and  fur- 
furylamide  have  about  the  same  rotation  in  pyi'idine  as  the  n-heptyl- 
amide,  whilst  the  ac-tetrahydro-j8-naphthylamide  has  even  a  lower 
dextrorotation  in  pyridine  than  any  of  the  alkyl-substituted  tar- 
tramides. 

Taking  the  derivatives  with  the  aliphatic  amines  of  the  normal 
series,  it  appears  that  the  value  of  [M]d  does  not  show  any  evidence  of 
having  reached  a  maximum  within  the  range  of  the  series  of  com- 
pounds prepared,  for  the  ?i-heptylamide  has  a  higher  molecular  rota- 
tion than  any  of  the  lower  homologues.  The  isopropylamide  has 
a  lower  rotation  than  the  w-propylamide,  whilst  the  rotation  of  the  iso- 
butylamide  is  greater  (excepting  in  water  solution)  than  that  of  the 
?i-butylamide. 

The  rotation  of  the  allylamide  as  compared  with  that  of  the  m-pro- 
pylamide  is  particularly  interesting,  for  it  is  now  generally  believed 
that  the  presence  of  a  double  bond  in  a  carbon-chain  leads  to  an 
increase  in  the  optical  activity  (see  P.  Frankland  and  Slator,  Trans., 
1903,  83,  1351,  where  numerous  references  to  this  relationship  are 
given).  In  the  present  case,  however,  the  substitution  of  ^-propyl  by 
allyl  is  attended  by  a  marked  diminution  in  the  rotation,  and  the  same 
exceptional  relationship  will  be  shown  by  one  of  us  (P.  Frankland  and 
Done)  to  be  exhibited  in  the  case  of  the  n-propylamide  and  allylamide 
of  malic  acid. 

The  piperidide  is  the  only  secondary  amide  hitherto  examined,  and, 
as  indicated  in  the  above  table,  it  was  found  to  be  practically  inactive  ; 
this  result  naturally  suggests  that  racemisation  of  the  tartaric  acid 
had  taken  place  in  the  process  of  preparation,  but  it  may  also  be  due 
to  the  dextrorotation  being  depressed  to  about  zero  by  the  introduction 
of  the  piperidine  group,  and  that  this  is  perhaps  the  case  is  rendered 
less  remotely  possible  since  it  has  been  found  by  one  of  us  that  in 
the  malic  series  the  piperidide  has  a  much  lower  rotation  than  the  un- 
substituted  malamide  in  pyridine  and  methyl  alcohol  solutions,  whilst 
in  glacial  acetic  acid  solution  the  sign  of  the  rotation  is  actually 
reversed. 

Experimental. 

Tartaric  Di-n-propylamide. 

An  excess  of  n- propylamine  was  added  to  a  concentrated  solution  of 
methyl  tartrate  in  absolute  ethyl  alcohol  in  the  cold.  The  separation 
of  amide  commenced  in  the  course  of  a  few  minutes  j  the  crystals 
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formed,  after  standing  for  two  days,  were  filtered  off,  and  a  further 
crop  was  obtained  by  evaporating  part  of  the  alcohol.  The  yield  was 
about  80  per  cent.  The  product  was  purified  by  recrystallising  from 
a  mixture  of  equal  parts  of  ethyl  alcohol  and  ethyl  acetate. 

0-0946  gave  10-0  c.c.  moist  nitrogen  at  16-5°  and  761  mm.  N  =  12-30. 
C^oHgoO^N.,  requires  N  — 12-07  per  cent. 

Tartaric  di-n-propylamide  crystallises  in  colourless,  flat,  elongated 
plates,  or  flat  needles,  melting  at  216°  with  slight  decomposition. 
It  is  easily  soluble  in  pyridine,  or  hot  alcohol,  less  so  in  ethyl 
acetate,  whilst  in  cold  water  the  strongest  obtainable  solution  was 
about  2-4  per  cent. 

Rotation  of  Tartaric  Di-n-projiijlamide. 


V. 

d  2074°. 

Pyridine  Solution. 

[«]r. 

[M]f. 

4-741 
2-196 

0-9867 
0-9817 

0-999             +5-79° 
1-998                5-37 

Methyl  Alcohol  Solution. 

+  123-9" 
124-7 

+  287-4° 
289-2 

4-857 
2-019 

0-8083 
0-7991 

1-998             +9-79° 
1-998                 4-03 

Water  Solution. 

+  124-8° 
124-9   . 

+  289-5° 
289-7 

2-717 
1-808 

1  0029 
1-0014 

0-999             +3-05° 
1-998                 4-11 

+ii2-r 

113-6 

+  260-0° 
263-6 

Tartaric  Diisopropykwiide.  ..^/. 

The  theoretical  quantity  of  isopropylamine  was  added  to  a  solution 
of  methyl  tartrate  in  absolute  ethyl  alcohol.  After  standing  two 
days  the  liquid  became  viscid  and  yellow ;  the  amide  separated  from 
this  on  cooling  with  ice  or  adding  a  crystal  as  nucleus.  After  standing 
two  more  days  the  crystals  were  filtered  off,  but  only  a  23  per  cent, 
yield  was  obtained.  The  pi'oduct  was  recrystallised  from  ethyl  acetate 
to  which  a  little  alcohol  had  been  added. 

0-1130  gave  12-1  c.c.  moist  nitrogen  at  17^and737mm.     N  =  12-03. 
^10^20^4-^2  requires  N=  12-07  per  cent. 

Tartaric  di-isopropylamide  crystallises  in  slightly  flattened  needles, 
melting  at  189°  without  decomposition.  Its  solubility  in  the  ordinary 
solvents  is  rather  greater  than  that  of  the  normal  propylamide. 
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Rotation  of  Tartaric  Diisojn'opylamide. 


p- 

d  20°/4°. 

Pyridine  Solution. 

b^'- 

[Mrf. 

1-654 
4-665 

0-9806 
0-9858 

1-998             +3-80° 
0-999                 5-38 

Methyl  Alcohol  Solution 

+  117-3° 
117-1 

+  272-0° 
271-7 

1-910 
4-867 

0-7970 
0  8058 

1-998              +3-59" 
0-999                 4-60 

Water  Solution. 

+  117-8° 
117-4 

+  273-3° 
272-4 

1-398 
4-682 

1  -0003 
1-0059 

1-998             +2-98° 
0-999                5-00 

+  106-7° 
106-3 

+  247-4° 
246-6 

Tartaric  Diallylamide. 

This  was  similarly  prepared  by  mixture  of  theoretical  proportions 
of  allylamine  and  methyl  tartrate  in  alcoholic  solution.  The  amide 
already  began  to  separate  after  an  hour,  and  by  filtering  off  the 
crystals  after  twenty-four  hours'  contact,  a  yield  of  62  per  cent,  was 
obtained.  The  product  was  purified  by  recrystallisation  from  a 
mixture  of  equal  parts  of  ethyl  alcohol  and  ethyl  acetate. 

0-0997  gave  10-84  c.c.  moist  nitrogen  at  15° and  745  mm.  N=  12-48. 
Cj^HjgO^Ng  requires  N=  12-28  per  cent. 

Tartaric  diallylamide  crystallises  in  flat,  thin,  colourless  plates 
melting  at  183°  to  a  pale  yellow  liquid.  Its  solubility  in  the  common 
solvents  is  about  the  same  as  that  of  the  w-propylamide. 


notation  of  Tartaric  Diallylamide. 


V. 

d  20°/4°. 

I. 
Pyridine  Solution. 

[a]?;''. 

[M]f. 

2-528 
4-735 

0-9838 
0-9896 

1-998             +5-48° 
0-999                5-18 

Methyl  Alcohol  Solution. 

+  110-3° 
110-7 

+  251-4° 
252-3 

2-900 
5-914 

0-8023 
0-8092 

1-998              +5-57° 
0-999                 5-66 

Water  Solution. 

+  119-8° 
118-4 

+  273-2° 
269-9 

2-392 
4-697 

1  -0036 
1-0086 

1-998              +5-19° 
0-999                5-10 

+  108-2° 
107-8 

+  246-7° 
245-7 
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Tartaric  Di-n-hutylamide. 

Butylamine  was  added  in  theoretical  quantity  to  a  cooled  solution 
of  methyl  tartrate  in  ethyl  alcohol.  The  separated  amide  was  filtered 
off  after  the  mixture  had  stood  for  about  thirteen  hours,  a  75  per  cent, 
yield  being  obtained.  The  product  was  purified  by  recrystallisation 
from  a  mixture  of  two  parts  of  ethyl  acetate  to  one  of  ethyl  alcohol. 

0-1482  gave  14-0  c.c.  moist  nitrogen  at  17°  and  737  mm.    N  =  10-84. 
CjgHg^O^Ng  requires  N  =  10-77  per  cent. 

Tartaric  di-n-butylamide  crystallises  in  beautiful,  long,  flat,  needles 
melting  at  193°  without  decomposition.  Like  the  other  amides 
described  above,  it  is  very  soluble  in  pyridine  or  alcohol ;  its  solubility 
in  water  is,  however,  very  small  (only  0'3  per  cent.). 

notation  of  Tartaric  Di-n-hutylamide. 

p.  d20yi\  I.  af.  [a]f.  [M]f. 

Pyridine  /Solution. 

1-899  0-9809  1-998  +4-10°  +110-2°  +286-4° 

4-801  0-9849  0-999  5-23  110-7  287-8 

Af ethyl  Alcohol  Solution. 

0-907  0-7949  3-899  +3-22°  +114-6°  +297-8° 

4-416  0-8033  0-999  3-97  112-0  291-3 

Water  Solution. 
0-258  0-9989  3-899  +1-08°  +107-5°  +279-5° 

Tartaric  Dii&ohutylamide. 

z'soButylamine  was  added  in  theoretical  quantity  to  a  cooled  solution 
of  methyl  tartrate  in  ethyl  alcohol.  After  standing  twelve  hours,  the 
amide  which  had  separated  was  filtered  off,  the  yield  being  about  70 
per  cent.,  whilst  more  was  obtainable  by  evaporating  the  mother 
liquor. 

0-1227  gave  11-8  c.c.  moist  nitrogen  at  19°  and  756-5  mm.  N  =  11-01. 
C12H24O4N2  requires  N=  10*77  per  cent. 

Tartaric  diisobutylamide  crystallises  in  small  rhombic  plates 
melting  at  183-5°.  It  is  more  soluble  in  the  ordinary  organic  solvents 
than  the  normal  butyl-  and  propyl-amides,  resembling  the  zsojirojiylamide 
in  this  respect,  but  it  is  only  very  slightly  so  in  water  (OS  per  cent.). 
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Rotation  of  Tartaric  Diisobuti/lamide. 

P,  d20yi\  I.  al\  [ajf.  [M]|' 

Pyridine  Solution. 


1-753 
5-064 

0-9805 
0-9853 

1-998             +3-90" 
0-999                5-64 

Methyl  Alcohol  Solution 

+  113-6° 
113-2 

+  295-3° 
294-3 

1-007 
5-432 

0-7949 
0-8065 

3-899             +3-67° 
0-999                5-13 

Water  Solution. 

+  117-6° 
117-2 

+  305-7° 
304-8 

0-549 

0-9991 

3^899              +2-26° 

+  105-6° 

+  274-6° 

Tartaric  Di-n-heptylamide. 

A  theoretical  quantity  of  ?i-heptylamine  (Kahlbaum)  was  added  to 
a  cold  solution  of  methyl  tartr-ate  in  absolute  alcohol.  The  mixture 
became  a  solid  mass  in  the  course  of  a  few  hours,  and  a  theoretical 
yield  of  the  amide  was  obtained.  It  was  recrystallised  from 
methylated  spirit  until  of  constant  rotation.  It  forms  elongated,  flat 
plates  melting  at  183°  without  decomposition,  and  is  much  less  soluble 
in  most  solvents  than  are  the  lower  amides  above  mentioned.  It 
is  insoluble  in  water,  slightly  soluble  in  cold  alcohol,  and  at  the 
ordinary  temperature  gives  only  abovit  a  4  per  cent,  solution  in 
pyridine. 

0-2680  gave  19-4  c.c.  moist  nitrogen  at  12°  and  728  mm.  ;  N=  8-22. 
CjgHggO^N^  requires  N  =  8-14  per  cent. 

Rotation  of  Tartaric  Di-n-heptylamide. 

p.  rf2074°.  I.  af.  [a]f.  [M]f. 

Pyridine  Solution. 


1-621 

0-9789 

2-993 

+  4-19° 

+  88-24° 

+  303-5° 

3-579 

0-9805 

0-999 

3-11 

88-72 

305-2 

diethyl  Alcohol  Solution. 
0-9951  0-7955  3-899  +2-72°  +88-14°  +303-2° 

Rotation  of  Tartaric  Diphenylhydrazide. 
Glacial  Acetic  Acid  Solution. 

0-5672  1-052  3-899  +  r88°  +80-85°  +266-80* 
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notation  of  Tartaric  Dimethylamide. 

p.  d20yi\  I.  af.  [a]f.  [M]f. 

Methyl  Alcohol  Solution. 

4-998  0-8147  3-899  +23-97°  +151-0°  +265-8° 

4-986  0-8147  1-998  12-08  148-8  261-9 

Rotation  of  Tartaric  Diethylamide. 
Methyl  Alcohol  Solution. 


4-997 

0-8117 

1-998 

+  11-20° 

+  138-1° 

+  281-7' 

5-001 

0-8127 

1-998 

11-21 

137-9 

281-3 

Chemical  Department, 
University  of  Birmingham. 


CLXXX. — The    Ifijluence    of  various    Suhstituents    on 
the  Optical  Activity  of  Malamide. 

By  Percy  Faraday  Frankland  and  Edward  Done,  M.Sc. 

The  results  recorded  in  this  paper  form  part  of  a  systematic 
investigation  which  is  being  made  by  one  of  us  on  the  rotation  of  the 
amides  of  optically  active  acids,  in  connexion  with  which  papers  have 
already  appeared  on  some  substitution  derivatives  of  glycei-amide 
(P.  Frankland,  Wharton,  and  H.  Aston,  Trans.,  1901,  79,  266),  and  of 
tartramide  (P.  Frankland  and  Slator,  Trans.,  1903,  83, 1349  ;  Ormerod, 
Trans.,  1903,  83,  1342  ;  and  Twiss,  preceding  paper). 

The  present  communication  deals  with  the  methylamide,  ethylamide, 
normal-  and  iso-propylamide,  allylamide,  normal-  and  {so-butylamide, 
and  normal  heptylamide  of  ordinary  Z-malic  acid,  as  well  as  with  the 
piperidide,  and  phenylhydrazide  of  the  same  acid. 

Of  these  derivatives,  only  the  w-propylamide  has  been  previously 
prepared  (McOrae,  Trans.,  1903,  83,  1324),  whilst  the  anilide  and  the 
three  toluidides  have  been  described  by  Guye  and  Babel  (Arch.  Sci. 
phys.  nat.,  1899  [iv],  7,  23),  and  by  Walden  {Zeit.  physikal.  Cliein., 
1895,  17,  2G4). 

The  alkylamides  were  all  prepared  by  the  intei'action  of  the  amine 
with  diethylmalate,  either  alone  or  in  alcoholic  solution,  and  either  in 
the  cold  or  at  a  temperature  not  exceeding  100°.  The  yields  were  in 
most  cases,  and  especially  in  the  case  of  the  higher  amines  in  which 
no   alcohol    was    used,    very    satisfactory.      A.s    in    the  corresponding 
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derivatives  of  tartramide,  the  poorest  yield  was  obtained  in  the  case  of 
the  isopropylamide. 

The  piperidide  was  prepared  by  the  prolonged  heating  of  diethyl- 
malate  with  piperidine  at  130°,  whilst  the  phenylhydrazide  was 
prepared,  on  the  one  hand  by  Billow's  method,  in  which  malic  acid  and 
phenylhydrazine  are  heated  together  at  120 — 140°,  and,  on  the  other,  by 
Fischer  and  Passmore's  method,  in  which  an  aqueous  solution  of  malic 
acid  is  heated  on  the  water-bath  with  a  solution  of  phenylhydrazine  in 
acetic  acid.  The  products  obtained  by  each  of  these  methods  had 
substantially  the  same  rotation,  showing  that  no  racemisation  occurs 
at  the  higher  temperature  to  which  the  mixture  is  heated  in  the  case 
of  Billow's  method. 

The  rotation  was  in  all  cases,  excepting  that  of  the  phenylhydrazide, 
determined  in  pyridine,  in  methyl  alcohol,  and  in  glacial  acetic  acid 
solution.  The  rotation  of  the  phenylhydrazide  was  determined  in 
pyridine  and  in  glacial  acetic  acid  only,  in  consequence  of  its  insolubility 
in  methyl  alcohol. 

The  results  of  the  polarimetric  determinations  are  summarised  in 
the  following  table  : — 


Maldi-amide  *   

,,     methylamide 


Me]  ting 

point. 

157° 

99 


Pyridine. 


ethylamide 122 

n-propylamide  .       126 


V 
c  =  l 

4 
10 

4 
10 

4 


isopropylamide 

allylamide  

?i-butylamide  .. 

^sobutylamide . 

7i-heptylamide. 

benzylamide  *  . 
})iperidide    


150—151  2 
3 
4 

10 
3 

10 
5 
7 
5 

11 

c  =  4 

0 


117-5 

125 

121 

131 

155-5 
157-5 


214 


,     phenylhydrazide 

McCrae  {loe.  cit.).     In  the  case  of 


998 
634 
080 
319 
250 
530 
896 

48 
986 
639 
390 
776 
850 
394 
984 
166 
010 
855 
5981 

119 

175 


[M]^. 

-76-2^ 
89-6 
90-0 
90-6 
89-1 
90-5 


Methyl  alcohol. 
[M]-f. 


Glacial 
acetic  acid. 


P- 


•8  11 


69-1 
69-0 
72-7 
74-0 
87-1 
86-3  10 
86-9     5 
89-4     9 
88-6     6 


•250 

-109- 

-982 

107- 

•984 

110^ 

•177 

111^ 

•020 

114- 

-340 

114- 

-803 

92- 

•039 

90  • 

•804 

102^ 

•095 

103^ 

•633 

116^ 

•540 

112^ 

•316 

117^ 

•128 

118- 

•001 

n6^ 

lori 

55^2 


54  1 
55-0 


4^975 
8^845 


73^7 

73  •e 


p- 

[M]^^ 

c  =  4-678 

-59- 

4-267 

120  • 

8-185 

117^ 

4^170 

116^ 

7-995 

117^ 

4-278 

115- 

5-040 

114- 

9-048 

112- 

3-710 

92- 

6-284 

92- 

4-492 

86- 

10-780 

87- 

5-455 

106^ 

9-718 

104^ 

5-492 

106- 

7-563 

105^ 

4-497 

103- 

9-334 

102^ 

c  =  4-654 

63- 

3-575 

+  38^ 

6-531 

+  40- 

0-735- 

-129 -J 

the  M-propylainide  [)reparcd  by  McCrae,  our 
results  corroborate  those  obtained  by  this  author  with  i)yridine  solution,  but  our 
values,  given  in  this  table,  for  the  glacial  acetic  acid  solution  of  the  n-projiylamide 
are  substantially  higher  than  his,  [M.f^  -101-3°,  c  =  4-798.  The  temperatures  at 
which  McCrae's  determinations  were  made  were  20°  for  maldianiide  in  glacial  acetic 
acid,  17°  in  pyridine  ;  22°  for  the  dibenzylamide  in  glacial  acetic  acid,  and  15°  in 
pyridine  solution. 
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From  the  above  table  it  will  be  seen  how  greatly  the  rotation  is 
influenced  by  the  solvent.  Thus  the  alkylamides  have  a  lower  laevo- 
rotation  in  pyridine  than  in  methyl  alcohol  or  glacial  acetic  acid ;  on  the 
other  hand,  the  benzylamide  and  the  aromatic  amides  have  a  higher 
Ifevorotation  in  pyridine  than  in  glacial  acetic  acid  solution.  Again, 
whilst  in  the  normal  series  of  alkylamides  in  pyridine  solution  the 
Ijevorotation  is  almost  unaffected  in  passing  from  the  methylamide  to 
the  M-heptylamide,  in  methyl  alcohol  there  is  a  slight  rise,  and  in 
glacial  acetic  acid  solution  a  distinct  decline  in  the  molecular  rotation. 
The  derivatives  of  malamide  in  this  respect  exhibit  much  less  regularity 
than  those  of  tartramide  (compare  Frankland  and  Twiss),  for  in  the 
latter  series  there  is  a  continuous  rise  in  the  molecular  rotation  from 
the  methyl  to  the  heptyl  term  in  the  normal  series  in  pyridine,  and 
probably  also  in  methyl  alcohol  and  in  water  solution. 

In  both  the  malic  and  the  tartaric  series  the  rotation  of  the  normal- 
is  greater  than  that  of  the  iso-propylamide,  whilst  the  relative  magni- 
tudes of  the  rotation  of  the  normal-  and  iso-butylamides  in  both  series 
is  dependent  on  the  solvents,  but  in  pyridine  solution  the  isobutylamide, 
both  malic  and  tartai'ic,  has  a  higher  rotation  than  the  normal  butyl- 
amide. 

In  both  the  malic  and  the  tartaric  series,  the  allylamide  has  a 
markedly  lower  molecular  rotation,  in  all  solvents,  than  the  normal 
propylamide,  thus  showing  that  the  presence  of  a  double  bond  has  not 
the  invariable  effect  of  increasing  the  optical  activity  as  is  often 
supposed. 

Malic  benzylamide,  in  pyridine  solution,  has  a  higher  molecular 
rotation  than  the  w-heptylamide  in  the  same  solvent,  whilst  in  glacial 
acetic  acid  the  relations  are  reversed.  On  the  other  hand,  in  pyridine 
solution,  the  molecular  rotation  of  tartaric  benzylamide  is  slightly 
inferior  to  that  of  the  «-heptylamide. 

The  tartaric  piperidide  in  pyridine  solution  is  practically  inactive, 
and  therefore  enormously  less  active  than  the  w-heptylamide  ;  simi- 
larly, the  malic  piperidide,  in  pyridine  and  in  the  methyl  alcohol,  is 
much  less  active  than  the  «-heptylamide,  although  still  strongly  Isevo- 
rotatory ;  in  glacial  acetic  acid  the  difference  is  greatly  further  em- 
phasised inasmuch  as  the  piperidide  is  strongly  dextrorotatory. 

The  phenylhjdrazide,  again,  in  both  malic  and  tartaric  series,  has  in 
pyridine  solution  a  much  lower  molecular  rotation  than  the  7t-heptyl- 
amide,  but  in  glacial  acetic  acid  solution  malic  diphenylhydrazide  has 
a  higher  rotation  than  the  heptylamide.  We  have  also  found  that  the 
rotation  of  tartaric  diphenylhydrazide  is  much  greater  in  glacial  acetic 
acid  than  in  pyridine  solution  (see  Frankland  and  Twiss). 

In  both  malic  and  tartaric  series,  again,  the  aromatic  amides  have  a 
much  higher  molecular  rotation  than  the  alkylamides. 


1862      FRANKLAND   AND   DONE:   THE   INFLUENCE   OF   VARIOUS 

Experimental. 
Maldmiethylamide. 

Twelve  grams  of  diethyl  malate  and  21  grams  of  absolute  alcohol 
were  placed  in  a  tall  cylindrical  bottle  immersed  in  ice.  Methylamine 
was  liberated  from  Kahlbaum's  33  per  cent,  aqueous  solution  by  heat, 
passed  through  a  lime  drying-tube,  and  then  into  the  above  mixture. 
When  6  grams  of  methylamine  had  been  thus  passed  in,  the  bottle  was 
stoppered  and  allowed  to  stand  for  three  days.  On  evaporating  the 
alcohol  a  yield  of  50  per  cent,  was  obtained. 

The  methylamide  is  very  soluble  in  hot  or  cold  water,  methyl  alcohol, 
glacial  acetic  acid,  methylated  spirit,  ethyl  acetate,  or  pyridine, 
sparingly  so  in  chloroform,  benzene,  or  ether,  and  insoluble  in  carbon 
disulphide  or  light  petroleum.  From  acetone  it  was  obtained  in 
acicular  prisms  and  plates  melting  at  99°. 

0-1047  gave  15-4  c.c.  moist  nitrogen  at  11°  and  762  mm.   N  =  17-60. 
CgHjgOgNg  requires  N"  =  17-50  per  cent. 

Rotation  of  Maldimethylamide. 
p.  d20yi\  I.  a^\  [a]f.  [M]f. 

Pyridine  Solution. 


4-634 
.0-080 

0-987 
1-001 

1-9984             -5-12°            -56-01° 
1-9984              11-35                56-27 

Methyl  Alcohol  Solution. 

-89-6' 
90-0 

6-250 
9-982 

0-8143 
0-8280 

1-9984             -6-97°            -68-50° 
1-9984               11-14                 67-42 

Glacial  Acetic  Acid  Solution. 

-109-6" 
107-9 

4-267 
8-185 

1-060 
1-070 

1-9984             -6-83°            -75-54° 
1-9984              12-83                73-26 

-120-9' 
117-2 

Maldiethylamide. 

Seven  grams  of  ethylamine  (Kahlbaum)  in  the  form  of  vapour  were 
passed  into  a  mixture  of  11  grams  of  diethyl  malate  and  13  grams  of 
absolute  alcohol  cooled  with  a  freezing  mixture.  On  standing  for  some 
days  in  a  stoppered  bottle,  the  whole  set  into  a  solid  mass  of  fine  white, 
silky  needles.     Yield  90  per  cent. 

The  ethylamide  is  very  soluble  in  hot  or  cold  water,  methylated  spirit, 
chloroform,  pyridine,  methyl  alcohol,  ethyl  acetate,  light  petroleum,  or 
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carbon  disulphide.     Fi'om  benzene  it   was  obtained  as  white,  shining 
plates  and  needles  melting  at  122°. 

0-1067  gave  14-0  c.c.  moist  nitrogen  at  12°  and  735-1  mm.  N"=  15-05. 
CgHjgOgNo  requires  N  =  14-89  per  cent. 

Rotation  of  Maldiethylamide. 

•p.  ^2074°.  I.  a^.  [a]f.  [M]f. 

Pyridine  Solution. 


4-319 
10-250 

0-9854 
0-9947 

1-9984              -4-10°            -48-19° 
1-9984                 9-66                 47-41 

Methyl  Alcohol  Solution. 

-90-6' 
89-1 

4-984 
9-177 

0-8054 
0-8185 

1-9984              -4-71°            -58-69° 
1-9984                8-93                59-47 

Glacial  Acetic  Acid  Solution. 

-110-3' 
111-8 

4-170 
7-995 

1050 
1-060 

1-9984             -5-43°            -01-70° 
1-9984              10-56                62-34 

-116-0' 
117-2 

Maldi-n-propylamide. 

Twelve  grams  of  diethylmalate  were  added  to  8  grams  of  w-propyl- 
amine  (Kahlbaum),  heat  being  evolved  on  mixing.  On  standing  over- 
night the  mixture  had  become  almost  solid.  Yield  75  per  cent.  In 
order  to  obtain  a  theoretical  yield,  it  is  necessary  to  allow  the  mixture  to 
stand  for  several  days,  or  to  heat  on  a  warm  water-bath  for  some  hours. 

The  propylamide  (m.  p.  126°)  is  very  soluble  in  water,  benzene, 
alcohol,  ethyl  acetate,  chloroform,  pyridine,  methyl  alcohol,  or  glacial 
acetic  acid,  but  insoluble  in  light  petroleum  or  ether.  It  was  purified 
by  crystallisation  from  a  mixture  of  benzene  and  light  petroleum. 

Rotation  of  Maldi-Ta-p'opylamide. 

V.  c^20°/4°.  I  af.  [«]f.  [MJf. 

Pyridine  Solution. 


4-530 
7-896 

0-9833 
0-9895 

1-9984              -3-73°            -41-90° 
1-9984                 6-42                 41-11 

Methyl  Alcohol  Solution. 

-90-5' 

88-8 

5-020 
11-340 

0-8061 
0-8260 

1-9984             -4-28°            -52-91° 
1-9984                9-94                53-10 

Glacial  Acetic  Acid  Solution. 

-114-3' 
114-7 

4-278 
5-040 
9-048 

1-053 
1-052 
1-055 

1-9984             -4-81°            -53-43° 
1-9984                 5-63                 53-14 
1-9984                9-96                52-20 

-115-4' 
114-8 
112-8 
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Maldix&opropylamide. 

10*7  grains  of  diethylmalate  were  added  to  a  solution  of  5'8  grams 
of  «sopropylamine  (Kahlbaum)  in  8*4  grams  of  absolute  alcohol,  but  the 
reaction  takes  place  so  slowly  in  the  cold  that  even  after  five  weeks 
only  a  small  quantity  of  the  amide  had  crystallised  out.  The  mixture 
was  therefore  heated  in  a  stoppered  bottle  in  a  steam  oven  for  six  days. 
The  yield  was  only  20  per  cent.  The  substance  is  very  soluble  in  hot 
water,  alcohol,  ether,  acetic  acid,  pyridine,  methyl  alcohol,  benzene, 
ethyl  acetate,  or  acetone,  but  crystallises  from  each  of  these  solutions 
on  cooling.  It  is  insoluble  in  light  petroleum,  and  only  very  slightly 
soluble  in  carbon  disulphide.  It  crystallises  from  acetone  in  long, 
slender  needles  melting  at  150 — 151°. 

0-1355  gave  15-7  c.c.  moist  nitrogen  at  15°  and  738-4  mm.  ]Sr  =  13-17. 
CjoHgoOgNg  requires  N  =  12"96  per  cent. 

Rotation  of  Maldii&opropylamide. 

p.  rf2074°.  I.  «f.  [«]f.  [M]f. 

Pyridine  Solution. 

2-548  0-9813  1-9984  -1-60°  -32-01°  -69-1° 

3-986  0-9828  0-999  1-25  31-93  69-0 

Methyl  Alcohol  Solution. 

3-803  0-8035  1-9984  -2-60°  -42-57°  -92-0° 

6-039  0-8091  0-999  2-04  41-79  90-3 

Glacial  Acetic  Acid  Solution. 

3-710  1-050  0-999  -1-66°  -42-65°  -92-1' 

6-284  1-056  0-999  2-84  42-83  92-5 

Maldiallylamide. 

11-1  grams  of  diethylmalate  were  mixed  with  6  4  grams  of  allylamine 
(Kahlbaum)  and  8*4  grams  of  absolute  alcohol.  Heat  was  developed 
on  mixing,  and,  after  standing  for  two  days,  a  nucleus  was  obtained  by 
placing  a  little  of  the  mixture  in  a  vacuum  desiccator.  On  adding  this 
nucleus  to  the  remainder,  and  allowing  to  stand  for  a  few  days  longer, 
a  crop  of  pure  white  needles  separated  out  from  which  the  alcohol  was 
evaporated.  Yield  90  per  cent.  The  allylamide  is  very  soluble  in  hot 
or  cold  water,  methyl  alcohol,  methylated  spirit,  ethyl  acetate,  chloro- 
form, glacial  acetic  acid,  or  benzene.  It  is  almost  insoluble  in  light 
petroleum.  From  a  mixture  of  benzene  and  light  petroleum  it  was 
obtained  in  needles  melting  at  117-5°. 

0-1438  gave  16-3  c.c.  moist  nitrogen  at  12°  and  752-8  mm.  N  =  13-32. 
CjoHjgOgNg  requires  N  =  13*21  per  cent. 
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Rotation  of  Maldiallylamide. 

V.  d20y4.\  1.  of.  [aff.  [M]f°. 

Pyridine  Solution. 


4-639 
10-390 

0-9837 
0-9936 

1-9984              -3-13°            -34-31° 
1-9984                 7-20                 34-89 

Methyl  Alcohol  Solution. 

-72-7= 
74-0 

4-804 
9-095 

0-8056 
0-8174 

1-9984             -3-74°            -48-35'' 
1-9984                 7-24                 48-72 

Glacial  Acetic  Acid  Solution. 

-102-5 
103-3 

4-492 
10-780 

1-060 
1-064 

1-9984             t3-90°            -40-99° 
1-9984                 9-45                 41-22 

-86-9 

87-4 

Maldi-n  -  hutylamide . 

10-2  grams  of  diethyl  malate  were  mixed  -with  7'8  grams  of  normal 
butylamine  (Kahlbaum).  Heat  was  developed  on  mixing,  and,  after 
standing  overnight  the  whole  had  set  solid.  The  mixture  was  allowed 
to  stand  for  a  few  days  longer.     Yield  100  per  cent. 

The  n-butylamide  is  very  soluble  in  alcohol,  ethyl  acetate,  benzene, 
or  chloroform,  insoluble  in  light  petroleum  or  cold  water,  but  soluble 
in  hot  water.  It  was  obtained  from  dilute  alcohol  in  shining,  silver- 
white  plates  melting  at  125°. 

0-2278  gave  22-8  c.c.  moist  nitrogen  at  12°  and  746-7  mm.  N  =  11-67. 
CjgHg^OgNg  Tequlres  N  =  11-48  per  cent. 

Rotation  of  Maldi-n-butylamide. 


p- 

d  20°/4°. 

L                  «f. 
Pyridine  Solution. 

[«]f. 

[Mlf. 

3-776 
10-850 

0-9804 
0-9860 

1-9984              -2-64° 
1-9984                 7-56 

Methyl  Alcohol  Solution. 

-35-68° 
35-35 

-87-1° 
86-3 

5-633 
10-540 

0-8037 
0-81G0 

1-9984              -4-32° 
1-9984                7-89 

Glacial  Acetic  Acid  Solutioi 

-47-74° 
45-90 

I. 

-116-5° 
112-0 

5-455 
9-718 

1-052 
1-052 

1-9984              -5-00° 
1-9984                8-79 

-43-59° 
43-01 

-106-4° 
104-9 
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Maldiisobuti/lamide. 

Ten  grains  of  ethyl  malate  were  added  to  10  grams  of  t'sobutylamine 
(Kahlbaum),  a  little  heat  being  evolved  on  mixing.  After  standing 
for  a  day  and  then  warming  on  a  water-bath  for  two  hours,  the 
mixture  became  solid,  and  a  theoretical  yield  was  obtained.  The  pro- 
duct is  very  soluble  in  hot  water,  ethyl  or  methyl  alcohols,  acetone,  ethyl 
acetate,  benzene,  chloroform,  ether,  glacial  acetic  acid,  or  pyridine.  It 
was  crystallised  from  a  mixture  of  benzene  and  light  petroleum. 
Melting  point  121°. 

0-1456  gave  14-5  c.c.  moist  nitrogy^n  at  14*5°  and  755'8  mm.  N  =  11'63. 
CJ2H04O3N2  requires  N  =  11  "48  per  cent. 

Rotation  of  Alaldiisobutylamide. 

p.  ci2074°.  l.  af.  [«]f.  [M]f. 

Pyridine  Solution. 

5'394  0-9813  1-9984  -3-77°  -35-63'  -86-9° 

7-984  0-9837  1-9984  5-75  36-64  89-4 

Methyl  Alcohol  Solution. 

5-316  0-8039  1-9984  -4-11°  -48-11°  -117-4° 

9-128  0-8153  1-9984  7-22  48-53  118-4 

Glacial  Acetic  Acid  Solution. 

5-492  1-051  1-9984  -5-02°  -43-51°  -106-2° 

7-563  1-051  1-9984  6-87  43-25  105-3 


Maldi-n  heptylaniide. 

Sixteen  grams  of  w-heptylamine  (Kahlbaum)  were  added  to  10  grams 
of  diethyl  malate,  the  mixture  being  accompanied  by  heat  evolution. 
On  standing  overnight  the  whole  had  set  to  a  solid  mass.  Yield  100 
per  cent. 

The  w-heptylamide  is  very  soluble  in  hot  alcohol,  chloroform, 
pyridine,  glacial  acetic  acid,  or  methyl  alcohol,  readily  so  in  hot  benzene 
or  ethyl  acetate.  It  is  sparingly  soluble  in  carbon  disulphide,  acetone, 
ether,  or  hot  water.  From  methylated  spirit  it  was  obtained  in 
beautiful  white,  shining  plates  melting  at  130-5 — 131°. 

0-2083  gave  15-6  c.c,  moist  nitrogen  at  12-5°  and  746-5  mm.  N  =  8-71. 
CjgHggOgNg  requires  N  =  8*54  per  cent. 


SUBSTITUENTS  ON  THE  OPTICAL  ACTIVITY  OF  MALAMIDE      1867 

Rotation  of  Maldi-n-hepiylamide. 
p.  d20yi\  I  «f.  [a]f.  [M]-^". 

Pyridine  Solution. 

5-166  0-9792  1-9984  -2-73°  -27-01°  -88-6° 

11-010  0-9804  1-9984  5-84  27-08  88-8 

Methyl  Alcohol  Solution. 

6-001  0-8035  1-9984  -3-41°  -35-38''  -116-1° 

A  10  per  cent,  solution  crystallised. 

Glacial  Acetic  Acid  Solution. 


4-497 

1-050 

1-9984 

-2-97° 

-31-47° 

-103-2 

9-334 

1-053 

1-9984 

6-13 

31-20 

1023 

Maldipiperidide. 

Twelve  grams  of  piperidine  (Kahlbaum)  were  added  to  10  grams  of 
diethyl  malate,  and,  although  heat  was  evolved  on  mixing,  only  a 
20  per  cent,  yield  was  obtained,  even  after  keeping  the  mixture  at 
130°  in  an  oil-bath  for  three  days,  A  50  per  cent,  yield  was  obtained 
by  heating  a  similar  mixture  to  the  same  temperature  for  ten  days. 
The  progress  of  the  reaction  is  indicated  by  the  contents  of  the  flask 
becoming  more  and  more  solid  on  cooling.  An  attempt  to  prepare  the 
piperidide  by  heating  piperidine  and  malic  acid  together  for  several 
days  proved  unsuccessful. 

The  piperidide  is  very  soluble  in  methylated  spirit,  but  sparingly  so 
in  water,  benzene,  ethyl  acetate,  or  pyridine.  From  a  mixture  of 
alcohol  and  acetone  it  was  obtained  in  flat  plates  melting  at  157-5°. 

0-126  gave  11-2  c.c.  moist  nitrogen  at  13°  and  749-5  mm.    N  =  10-35. 
CJ4H24O3N2  requires  N  =  10-45  per  cent. 

Rotation  of  Maldipiperidide. 
•p.  rf2074°.  I.  af.  [a]f.  [M]f. 

Pyridine  Solution. 

0-5981  0-9794  3-899  -0-47°  -20-58°  -55-2* 

Methyl  Alcohol  Solution. 


4-975            0-8078          1-9984             -2-21°            -27-51° 
8-845            0-8200          0-999                  1-99                27*47 

-73-7° 
73-6 

Glacial  Acetic  Acid  Solution. 

3-575             1061             1-9984              +1-09"            +14-37° 
0-531             1-007             0-999                   1-05                 15-08 

+  38-5° 
40-5 
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Maldiphenylhyih'azide . 

This  compound  was  prepared,  firstly,  by  Billow's  method  {Annalen, 
1886,  236,  194),  which  involves  the  use  of  a  high  temperature 
(120 — 140°),  and  secondly,  by  Fischer  and  Passmore's  method 
{Ber.,  1889,  22,  2734),  in  which  the  reaction  is  carried  out  on 
the  water-bath.  As  will  be  seen  below,  however,  the  products 
obtained  by  both  methods  were  of  substantially  the  same  rotatory 
power,  thus  showing  that  the  higher  temperature  does  not  lead  to  any 
racemisation. 

Biilow's  Method. — Twenty-eight  grams  of  phenyl  hydrazine 
(Kahlbaum)  were  added  to  20  grams  of  finely  powdered  malic  acid ; 
the  mixture  which  solidified  with  evolution  of  much  heat  was  further 
heated  to  120 — 140°  for  eight  hours  until  no  more  steam  was  evolved. 
The  heating  must  be  begun  with  caution  as  there  is  a  sudden  evolution 
of  a  large  amount  of  steam.  The  resulting  mass,  which  was  of  a  light 
brown  colour,  was  first  well  washed  with  dilute  acetic  acid,  and  then 
with  a  solution  of  ammonium  carbonate.  The  yield  was  85  per  cent. 
The  substance  is  almost  insoluble  in  water,  methyl  alcohol,  or  light 
petroleum,  sparingly  soluble  in  methylated  spirit,  and  only  slightly  so 
in  acetone,  chloroform,  carbon  disulphide,  ethyl  acetate,  ether,  glacial 
acetic  acid,  or  pyridine.  It  was  obtained  from  alcohol  in  white 
shining  plates  melting  at  214°  with  slight  decomposition. 

0-1232  gave  18-4  c.c.  moist  nitrogen  at  11°  and  764-2  mm.  N=  17'91. 
CjgHjgOgN^  requires  N=  17-83  per  cent. 

Fischer  and  Passmore's  Method. — Twenty  grams  of  dried  malic  acid 
were  dissolved  in  180  grams  of  water,  and  to  this  were  added  a 
solution  of  22  grams  of  glacial  acetic  acid  in  22  grams  of  water  with 
40  grams  of  phenylhydrazine,  the  whole  being  then  heated  on  the 
water- bath  in  a  flask  provided  with  an  air-condenser.  The  reaction 
took  place  suddenly  after  heating  for  4  hours,  much  of  the  liquid 
being  violently  projected  into  the  condenser.  The  light  brown 
product  was  washed  successively  with  water,  dilute  acetic  acid,  and 
ammonium  carbonate  solution.  The  yield  was  only  20  per  cent.  The 
product  had  to  be  crystallised  three  times  from  glacial  acetic  acid 
before  being  obtained  in  a  state  of  chemical  and  optical  purity. 
Melting  point  214°. 
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Rotation  of  Maldijihenylhydrazide. 

p.  d20yi\  I.  af.  [a]f.  [M]f. 

Pyridine  Solution. 


Preparation  by     /5-119 
Billow's  method.   ^7-175 

0-9929         1-9984          -1-75° 
0-9987         1-9984            2-51 

-17 
17 

-22°        -54-1" 
-53            55-0 

Preparation  by      T 
Fischer  and  Pass-  \  *  ^"^ 
more's  method.      [^'■^•'^ 

0-9914         1-9984          -1-65° 
0-9960        1-9984            2-17 

-17-28°        -54-3= 
17-06            53-6 

Glacial  Acetic  Acid  Solution. 

p.            d  2074°. 

I.                   «f.                   [a]f. 

[M]f. 

0-7350            1-054 

0-999             -0-32°             -41-35° 

-129-8° 
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CLXXXL — Reactions  Involving  the  Addition  of  Hydro- 
gen Cyanide  to  Carbon  Compounds.  Part  VI. 
The  Action  of  Potassium  Cyanide  on  Pidegone. 

By  Reginald  W.  L.  Clarke  and  Arthur  Lapworth. 

The  action  of  hydrogen  cyanide  in  presence  of  bases  or  of  potassium 
cyanide  on  aj8-unsatuiated  ketones  leads  in  all  instances  hitherto 
examined  to  the  formation  of  a  /8-cyanoketone  : 

CRaiCR'-COIR"  -f  HON  =  CNCRs'CHR'-CO-R". 

In  the  case  of  pulegone,  reaction  occurs  somewhat  slowly  at  the 
ordinary  temperature,  but  if  the  ketone  is  heated  on  the  water-bath 
with  alcoholic  potassium  cyanide,  a  product  is  obtained  which  has  the 
composition  of  the  expected  addition  compound,  the  change  being 
represented  by  the  equation  : 

C\oHisO  4  HCN  =  Ci^Hj.ON. 

The  substance,  which  was  first  referred  to  in  a  note  by  Hann  and 
[japworth  (Proc,  1904,  20,  54),  behaves  in  some  respects  as  would 
he  normal  addition  product,  namely,  cyanodihydropulegone  (cyano- 
aenthone),  and  was  for  a  long  time  suppo.sed  to  be  that  compound, 
n  accordance  with  this  supposition,  it  could  be  hydrolysed  by  acids 
4  6  G  2 
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or  alkalis,  being  converted  into  a    saturated   ketonic   acid,   namely, 
menthonecar  boxy  lie  acid, 

CHMe<^^2;S^>CH-CMe2-C02H. 

Nevertheless,  the  supposed  cyanoketone  exhibited  many  characters 
mainly  negative  in  type,  which  distinguished  it  from  the  others 
previously  examined.  Thus  it  did  not  react  with  hydrazines,  semi- 
carbazide,  or  hydroxylamine,  and  could  not  be  made  to  yield  a  cyano- 
hydrin.  When  boiled  with  alkalis,  even  in  presence  of  ferrous 
hydroxide,  no  decomposition  into  pulegone  and  hydrogen  cyanide 
could  be  detected,  although  ^-cyanoketones  as  a  rule  are  easily  decom- 
posed in  this  manner.  The  inactivity  of  the  compound  was  suspected 
to  be  due  to  a  manifestation  of  steric  hindrance,  although  later  a 
difficulty  arose  in  applying  this  assumption,  for  the  ketonic  acid,  to 
which  it  gave  rise,  reacted  readily  enough  with  the  hydrazines  and 
with  hydrogen  cyanide. 

The  clue  to  the  character  of  the  substance  was  finally  obtained  in 
the  following  manner. 

Menthonecarboxylic  acid  is  converted  with  great  readiness  into  an 
unsaturated  lactone, 


/CIl2*CIl2s 


CHMe<  \C'CMe2\ 

\CH„ Cf  >C0, 


when  warmed  with  mineral  acids  or  when  treated  with  acetyl  chloride. 
This  compound  is  precisely  analogous  in  type  to  the  anhydride  obtained 
by  Vorlander  {Annalen,  1906,  345,  188)  from  "  pulegoneacetic  acid," 
of  which  the  present  substance  is  the  next  lower  homologue. 

When  the  anhydro-derivative  of  menthonecarboxylic  acid  is  shaken 
with  ammonia,  it  yields  a  mixture  of  substances  from  which,  by  frac- 
tional crystallisation,  a  compound  having  the  formula  Cj^Hj^ON,  and 
identical  in  all  respects  with  the  nitrogenous  compound  obtained  by 
the  action  of  potassium  cyanide  on  pulegone,  is  obtained.  To  this  sub- 
stance, therefore,  must  be  assigned  the  constitution 

CHMe<        '  \C-CMe,\ 

\CH2 Qf  "  >C0, 

\NH -^ 

and  is  referred  to  in  the  paper  as  an  "  anhydramide,"  as  it  may  be 
regarded    as    formed    by    the    dehydration    of     menthonecarboxylic  j 
amide. 
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The  foregoing  formula  is  adopted  instead  of  the  alternative  one, 

CHMe<  >CH-CMe,\ 

\cH, — c<;  ^  /CO, 

for  several  reasons.  In  the  first  place,  the  substance  behaves  as  if  it 
contains  an  ethylenic  linking,  being  capable  of  decolorising  a  dilute 
solution  of  bromine  in  acetic  acid  even  when  excess  of  sodium  acetate 
is  present,  and  also  of  reducing  an  ice-cold  solution  of  potassium 
pei'manganate.  Secondly,  the  exceptional  tendency  of  these  menthone 
compounds,  as  well  as  those  described  by  Vorlander  (loc.  cit.),  to  form 
anhydro-derivatives,  is  shared  by  the  menthonecarboxylic  acid,  and 
therefore  is  probably  to  be  attributed  to  the  disposition  of  the  carbon 
ring  to  assume  the  cyc^hexene  form.  The  con-esponding  configuration 
is  used  by  Vorlander  for  the  anhydramide  of  "  pulegoneacetic  acid." 

Menthonecarboxylic  anhydramide  is  not  the  only  product  obtained 
by  the  action  of  potassium  cyanide  on  pulegone.  Menthonecarboxylic 
acid  is  also  produced  in  considerable  quantity  when  the  reaction  is 
carried  out  at  the  water-bath  temperature,  and  results  from  the 
action  of  potassium  hydroxide  on  the  anhydramide.  A  third  substance 
formed  has  the  composition  C^2Hj,j03N,  and  is  a  monobasic  acid  which 
must  be  analogous  in  constitution  to  mesitylic  acid.     It  is  therefore  to 

be    formulated    as    CHMe/  />CH'CMe<„     and     is     a 

\CH,-C(CO.H)<  I 

\NH-CO 
hydrolytic  product  of  the  intermediate  cyanomenthonecyanohydrin, 

/CHg'CHo 
CHMe<  >CH-CMe,-CN. 

^CHg C(OH)-CN  " 

The  latter  compound  was  at  last  isolated  from  the  products  obtained 
by  leaving  pulegone  in  contact  with  a  solution  of  potassium  cyanide 
containing  free  hydrogen  cyanide  at  the  ordinary  temperature  for  a 
considerable  period.  Since  the  cyanohydrin  can  only  have  been 
formed  from  cyanomenthone  itself  in  the  first  instance,  its  production 
indicates  that  the  ketonitrile  must  have  at  least  a  transient  existence, 
and  many  attempts  were  made  to  isolate  the  latter,  but  without 
success.  On  leaving  pulegone  with  potassium  cyanide  solution  in  the 
cold,  the  only  product  was  the  cyanohydrin,  in  spite  of  the  fact  that 
much  free  alkali  was  present. 

Attempts  to  remove  a  molecule  of  the  hydrogen  cyanide  from 
the  molecule  of  the  cyanohydrin  were  therefore  made.  At  the 
ordinary     temperature,     alkali,     even     in     the    presence    of  -ferrous 
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hydroxide,  was  without  action ;  at  higher  temperatures  hydrogen 
cyanide  could  be  removed,  but  the  product  was  always  the  an- 
hydramide.  By  heating  the  cyanohydrin  alone  at  its  melting  point, 
hydrogen  cyanide  is  eliminated,  but,  again,  the  cyanomenthone  at  first 
produced  at  once  undergoes  isomeric  change,  and  the  anhydramide  is 
the  only  substance  which  can  be  isolated.  In  the  latter  instance,  it 
seems  clear  that  the  change  must  be  represented  as  the  result  of  the 
conversion  of  the  cyanomenthone  into  its  enolic  form,  in  which  the 
new  inng  formation  then  tikes  place, 


/CIl2*CH2v 

CHMe<  \c-CMe,-CN 

\CHo Cf 


'  \0H 


.CH2-CH„ 


CHMe<  \C-CMe,\ 

\CH2 cf  >C0. 

\NH / 

Although  menthonecarboxylic  acid  could  not  be  reduced  by  zinc 
and  acetic  acid,  sodium  amalgam,  or  sodium  and  ethyl  or  amyl 
alcohol,  it  exhibits  most  of  the  usual  characters  of  a  y-ketonic  acid, 
and  reacts  readily  with  phenylhydrazine,  yielding  the  ring  compound 


OHMe< 

o> 

-CMeg 

\CH2- 

•NPh 

)C0 


CH.-CH,. 


CHMe<  >CH-0Me2v 

\CHo cf  >C0, 

^N — NPh/ 

which  is  the  most  characteristic  derivative  of  the  acid  yet  obtained  ; 
the  oxime  and  semicarbazide  are  difiicult  to  obtain  in  a  pure  state. 

In  presence  of  potassium  cyanide,  it  is  converted  into  a  mixture  of 
isomeric  cyanolactones  : 

xCH.,      CH^v 
CHMef  >CH-CMe.,\ 

\CH2-C(0N)<                 "  >C0. 
\o / 


Experimental. 

When  pulegone  is  left  in  a  cold  solution  of  potassium  cyanide  in 
dilute  alcohol  it  slowly  absorbs  hydrogen  cyanide,  and  at  the  end  of  a 
week  at  the  summer  temperature  is  partially  converted  into  cyano- 
menthonecyanohydrin.     At   80 — 100°   a   mixture   of   this   compound 
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with  menthonecarboxylic  acid,  the  anhydride  of  menthonecarboxylic 
amide,  and  the  lactame  of  aminomenthanedicarboxylic  acid  is  formed. 

The  relative  pi-oportion  of  the  products  obtained  varies  very  greatly 
with  the  conditions  used,  and  directions  are  given  in  the  following 
pages  for  the  preparation  of  each  of  the  four  compounds  directly  from 
pulegone. 

Menthonecarboxylic  Anhydr amide,  CHMe<^  yC'CMeoV 

\CH2 C^  ^  )>C0. 

\NH ^ 

— A  solution  of  pulegone  (45  grams)  in  96  per  cent,  alcohol  (75  c.c.)  is 
mixed  with  a  solution  of  potassium  cyanide  (25  grams)  in  water 
(30  c.c.)  and  the  whole  heated  on  the  water-bath  under  a  reflux 
condenser ;  at  the  end  of  about  half  an  hour  one  molecular  proportion 
of  acetic  acid,  or,  better,  ethyl  acetate,  is  slowly  introduced  beneath  the 
surface  of  the  liquid.  The  liquid,  which  at  first  forms  two  layers, 
gradually  becomes  homogeneous,  and  at  the  end  of  a  further  half  hour 
is  cooled  and  poured  into  a  large  bulk  of  water,  when  an  oil  is  deposited 
which  slowly  becomes  semi-solid.  The  average  yield  of  the  dried  solid 
obtained  from  the  above  quantities  was  45  grams.  The  product  may 
be  purified  by  fusing  it  in  a  round  bottomed  flask  for  ten  minutes,  a 
process  which  serves  to  convert  any  cyanomenthonecyanohydrin  present 
into  anhydramide,  after  which  crystallisation  from  alcohol  yields  the 
pure  anhydramide  without  difficulty.  With  large  quantities  of  crude 
material,  it  is  probably  simpler  to  decompose  the  cyanohydrin  present 
by  boiling  the  material  with  a  little  alcoholic  potash  instead  of 
fusing  it. 

0-2052  gave  0-5521  COg  and  0-1726  H.O.     C-73-4;  H  =  9-3. 
0-1703     „     11-8  c.c.  of  moist  nitrogen  at  19°  and  757  mm.    N  =  7-9. 
CiiHj^ON  requires  C  =  73-7;  H  =  9-5;  N  =  7-8  per  cent. 

Menthonecarboxylic  anhydramide  is  readily  soluble  in  cold  ethyl 
acetate,  ethyl  or  methyl  alcohols,  chloroform,  benzene,  or  acetic  acid, 
and  also  in  hot  carbon  disulphide,  acetone,  or  ether,  but  is  only 
sparingly  dissolved  by  hot  light  petroleum  or  water. 

The  crystals  are  translucent  needles  which  have  straight  extinction 
in  polarised  light,  their  directions  of  greatest  length  and  elasticity 
being  at  right  angles.  The  fused  substance  sets  on  cooling  somewhat 
rapidly  in  long  needles  separated  by  air  spaces,  and  when  these  are 
examined  in  convergent  polarised  light  the  acute  bisectrix  of  a  biaxial 
figure  of  narrow  axial  angle  is  sometimes  seen  to  emerge  nearly 
perpendicularly  to  the  field.  The  dispersion  is  weak  and  the  double 
refraction  strong  and  negative  in  sign. 

For  the  determination  of  its  optical  activity,  0-2515  gram  dissolved 
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and  made  up  to  25  c.c.  with  absolute  alcohol  was  examined  in  a 
2-dcm.  tube  at  17°;  the  observed  rotation  was  +1-34°,  whence 
\a]o  +66-6. 

This  compound,  which  was  for  a  long  time  thought  to  be  cyano- 
menthone  itself,  is  quite  different  in  character  from  all  the  other 
/S-cyanoketones.  Thus,  when  it  is  heated  with  alcoholic  potassium  or 
sodium  hydroxide  containing  ferrous  hydroxide,  it  does  not  yield  a 
trace  of  ferrocyanide,  and  pulegone  is  not  obtained  from  it  by  this 
process.  Further,  it  does  not  evince  any  tendency  to  react  with 
hydrazines,  with  semicarbazide,  or  hydroxylamine ;  it  does  not  yield  a 
cyanohydrin  with  hydrogen  and  potassium  cyanides,  and  is  hardly 
affected  by  amyl  nitrite  or  ethyl  oxalate  and  cold  sodium  ethoxide. 

The  anhydramide  behaves  as  an  unsaturated  compound,  and  Avhen 
shaken  with  a  cold  solution  of  potassium  permanganate,  decolorises  the 
liquid  at  once ;  its  solution  in  acetic  acid  readily  absorbs  bromine  even 
in  presence  of  excess  of  sodium  acetate  (compare  Trans.,  1904,  85,  38). 

By  the  action  of  phosphorus  pentachloride  at  100°  it  is  slowly 
convei'ted  with  evolution  of  hydrogen  chloride  into  a  dark  red  sub- 
stance. This  gave  a  small  quantity  of  oil  when  distilled,  but  it  was 
not  chlorocyanomenthene  as  was  anticipated,  for  it  was  found  to 
contain  much  phosphorus.  The  anhydramide  dissolves  in  cold,  strong 
sulphuric  acid  without  change,  is  slowly  hydrolysed  by  hot,  strong 
hydrochloric  or  hydrobromic  acid,  and  somewhat  rapidly  by  alcoholic 
potassium  hydroxide,  in  each  case  menthonecarboxylic  acid  being  the 
main  organic  product. 

pxT  .nj-T  ^ 

Menthonecarboxylic  acid,  CHMeVpyT^    '    2p.CH'CMe2"C02H,  may 

be  obtained  from  the  anhydramide  by  the  methods  already  mentioned, 
but  it  is  more  convenient  to.  prepare  it  directly  from  pulegone  by  the 
same  method  as  was  recommended  for  preparing  the  anhydramide,  but 
no  acetic  acid  or  ethyl  acetate  is  added,  and  the  heating  is  continued 
for  four  to  five  hours,  after  which  the  bulk  of  the  alcohol  is  removed 
by  distillation.  The  residue  is  diluted  with  water  and  poured  into 
excess  of  dilute  hydrochloric  acid. 

After  standing  for  twenty-four  hours,  the  insoluble  matter  which 
has  separated  is  collected,  washed  with  water,  then  extracted  with 
benzene,  which  leaves  undissolved  the  nitrogenous  acid  (p.  1879)  formed 
at  the  same  time,  and  the  filtered  benzene  solution  is  extracted  with 
dilute  caustic  soda  solution,  from  which  the  ketonic  acid  is  subsequently 
recovered  by  acidification.  The  compound  is  crystallised,  first  from 
dilute  acetic  acid,  and,  finally,  from  ethyl  acetate.     On  analysis  : 

0-2002  gave  0-4864  COg  and  0-1636  K,0.     0  =  66-5  ;  H  =  9-0. 
CjjHjgOg  requires  0  =  66*7  ;  H  =  9-l  per  cent. 
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On  titration  with  sodium  hydroxide,  0'1962  of  the  acid  required  100 
c.c.  of  i\7lO  alkali  for  neutralisation,  whence  the  equivalent  of  the 
compound  was  196'2,  whilst  the  number  calculated  for  a  monobasic 
acid,  CjjHjjjOg,  is  198. 

Menthonecarboxylic  acid  dissolves  readily  in  methyl  or  ethyl 
alcohols,  acetone,  benzene,  chloroform,  ether,  acetic  acid,  or  ethyl 
acetate,  and  sparingly  in  water  and  light  petroleum.  It  separates 
from  ethyl  acetate  in  rosettes  of  small  needles,  which  melt  at 
120 — 12^.  Under  the  mici'oscope,  the  needles  are  seen  to  be  flat- 
tened, and  in  polarised  light  show  straight  extinction,  and  the  relative 
directions  of  greatest  length  and  elasticity  vary  according  to  the  orienta- 
tion of  the  crystal  examined.  After  fusion,  it  solidifies  slowly  to  opaque 
masses  of  very  small  quadrangular  plates  or  elongated  needles. 

For  the  determination  of  its  optical  activity,  0'2500  gram  dissolved 
and  made  up  to  25  c.c.  with  absolute  alcohol  was  examined  in  a  2-dcm. 
tube.     The  rotation  observed  was  -  0'46°,  whence  [ajr,  -  23"0. 

The  compound  behaves  as  a  saturated  ketonic  acid,  and  when 
dissolved  in  sodium  carbonate  solution  does  not  at  once  decolorise  a 
cold  solution  of  potassium  permanganate  ;  its  solution  in  acetic  acid 
does  not  decolorise  bromine  if  sodium  acetate  is  present. 

It  is  very  stable  towards  reducing  agents,  and  all  attempts  to 
convert  it  into  the  corresponding  hydroxy-acid  were  unsuccessful.  It 
did  not  appear  to  be  affected  by  sodium  amalgam,  zinc  dust,  and  acetic 
acid,  stannous  chloride  in  hot  alkalis  or  cold  acids,  and  even  after 
attempted  reduction  with  sodium  and  boiling  ethyl  or  amyl  alcohols 
was  recovered  almost  unchanged.  Attempts  to  reduce  it  by  any  agent 
in  the  presence  of  mineral  acid  resulted  in  the  production  of  the 
anhydride  mentioned  later. 

The  semicarbazone,  CjoHjgOg.N.^H'CO'NHg,  was  prepared  by  the 
usual  method  and  purified  by  crystallisation  from  hot  methyl  alcohol, 
employing  a  Soxhlet  extractor. 

0-1049  gave  15  c.c.  moist  nitrogen  at  18°  and  759  mm.     N  =  16-4. 
C^gHgjOgNg  rBquiros  N  =  16'5  per  cent. 

It  is  sparingly  soluble  in  methyl  or  ethyl  alcohol,  chloroform, 
acetone,  ethyl  acetate,  benzene,  carbon  disulphide,  or  carbon  tetra- 
chloride. It  separates  from  boiling  methyl  alcohol  in  small  needles 
melting  at  188°  with  evolution  of  gas,  but  without  darkening. 

yCIl2'CII.,N. 

Pulegenylpyridazinone,  CHMe^  yC — CMcg^ 

\CH., C^  )C0  (?), 

\NH-NPh/ 
is   formed   when    the    ketonic    acid    is    heated    with    phenylhydrazine 
acetate,  and  usually  crystallises  when  the  product  is  washed  with  acid. 
It  is  purified  by  crystallisation  from  alcohol. 
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0-1788  gave  16-0  c.c.  of  moist  nitrogen  at  13°  and  743  mm.    N==  10-3 
Cj-HgoON^  requires  N  =  10*4  per  cent. 

The  substance  is  neutral  in  character  and  is  not  affected  when  boiled 
with  dilute  alkalis. 

It  is  soluble  in  most  of  the  usual  organic  solvents  with  the 
exception  of  light  petroleum,  and  forms  crystals  melting  at  93°. 

The  crystals  under  the  microscope  present  the  appearance  of  opaque 
or  translucent  needles,  which  in  polarised  light  have  extinction 
directions  inclined  at  about  45°  to  their  length. 

The  substance,  after  fusion  between  glass  slips,  sets  very  slowly  to 
patches  of  transparent  needles,  through  which  the  axis  of  a  biaxial 
figure  of  wide  angle  may  occasionally  be  seen  in  convergent  polarised 
light. 

Fulegenylisooxazolone,  CH]\Ie<^  J>0H*CMe2\ 

\CH2— 0/  >C0  (?), 

is  the  subtance  obtained  when  meuthonecarboxylic  acid  is  heated 
on  the  water-bath  with  hydroxylamine  in  alcoholic  solution,  and  is 
purified  by  crystallisation  from  alcohol. 

0-2076  gave  12-4  c.c.  of  moist  nitrogen  at  15°  and  762  mm.     ]Sr  =  7-0. 
^11^1502^  requires  N=  7-2. 
Cj^HjyOgN       ,,        N  =  6-6  per  cent. 

The  compound  is  not  soluble  in  alkalis,  but  is  more  readily  so 
in  dilute  mineral  acids  than  in  water.  It  separates  from  alcohol  in 
glistening  crystals  melting  at  113 — 114°.  Under  the  microscope,  the 
crystals  are  seen  as  brilliant,  well-formed,  quadrangular  plates,  having 
straight  extinction  in  polarised  light.  These  in  convergent  light  show 
a  bisectrix  emergent  at  right  angles  to  the  field,  the  axial  angle 
being  large,  the  double  refraction  positive  in  sign  and  strong,  whilst 
the  axial  dispersion  is  weak. 

The  fused  substance  solidifies  between  glass  slips  to  areas  of  parallel, 
transparent  needles,  separated  by  air  spaces,  and  most  of  these  have  a 
bisectrix  emerging  at  varying  inclinations  to  the  field. 

yCH2'CH2\ 

The  anhtjdride,  CHMe<  \C-CMe2\ 

is  obtained  in  small  quantities  when  menthonecarboxylic  acid  is 
warmed  with  mineral  acids  ;  it  is  best  prepared,  however,  by  heating 
the  ketonic  acid  with  excess  of  acetyl  chloride  for  some  hours,  at  the 
end  of  which  time  the  acetyl  chloride  is  removed  by  distillation,  and 
the  cooled  residue  agitated  with  a  dilute  ijolution  of  sodivim  bicarbonate, 
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the  neutral  substance  being  extracted  with  ether.     The  dried  ethereal 
extract  is  then  fractionated  at  the  ordinary  pressure  and   the  portion 
boiling  at  245 — 247°  cooled  in  a  freezing  mixture.     The  crystals  which 
separated  were  drained  on  cold,  porous  earthenware  and  analysed  : 
0-2124  gave  0-5661  CO^  and  0-1702  H2O.     C-72-7;  H  =  8-9. 
CjiHjgOo  requires  C  =  73-3  ;  H  =  8-8  per  cent. 

The  anhydride  forms  massive  transparent  rhombs,  often  approaching 
a  centimetre  in  length.  It  is  readily  soluble  in  the  usual  organic 
solvents,  but  is  only  recrystallised  from  them  with  much  diflficulty ;  it 
melts  at  17-5 — 18°.  0-2500  gram  dissolved  and  made  up  to  25-2  c.c. 
with  absolute  alcohol,  was  examined  in  a  2-dcm.  tube  at  18°j  the 
observed  rotation  was  +1-46°,  whence  [a]^  +73-6. 

When  shaken  with  cold,  dilute  alkalis,  even  in  the  fused  state,  it 
does  not  at  once  dissolve,  but  disappears  at  the  end  of  some  hours  or 
days,  according  to  the  tempei'ature  of  the  air.  It  is  also  reconverted 
into  the  ketonic  acid  by  long-continued  contact  with  water. 

The  substance,  which  is  somewhat  volatile  in  steam,  has  a  marked 
odour  of  cocoa-nuts,  and  this  lenders  it  easy  to  detect  small  quantities 
of  the  ketonic  acid,  as  it  is  merely  necessary  to  boil  it  with  20  per 
cent,  sulphuric  acid  when  the  odour  of  the  anhydride  soon  becomes 
noticeable. 

It  has  the  properties  of  an  unsaturated  compound,  at  once  absorbing 
bromine  even  in  presence  of  sodium  acetate  and  acetic  acid.  When  it 
is  shaken  with  a  cold  solution  of  potassium  permanganate,  the  colour 
of  the  latter  is  almost  instantaneously  discharged. 

In  the  expectation  that  the  anhydro-compound  would  readily  be  con- 
verted into  the  amide  of  menthonecarboxylic  acid,  a  portion  of  the 
former  was  shaken  with  aqueous  ammonia  (sp.  gr.  =  0-880)  until  it 
was  converted  into  a  mass  of  white  needles.  These  were  collected, 
washed,  and  crystallised  from  alcohol.  Analysis  of  a  specimen  dried  at 
100°  gave  the  following  result : 

0-2034  gave  14-25  c.c.  of  moist  nitrogen  at  19^  and  762  mm.   N  =  8-1. 
CjiH^gOoN  requires  N  =  7-l. 
C^Hj-ON         „        N  =  7-8  per  cent. 

The  compound  was  therefore  an  anhydride  of  the  amide,  and  was 
finally  identified  with  the  substance  previously  regarded  as  cyano- 
menthone,  obtained  by  the  action  of  potassium  cyanide  on  pulegone. 
It  melts  at  165°,  alone  or  when  mixed  with  the  supposed  cyano- 
menthone.  When  0-2518  gram  was  dissolved  and  made  up  to  25-1  c.c. 
with  absolute  alcohol,  and  examined  in  a  2-dcm.  tube  at  22°,  a  rotation 
of  +1-34°  was  observed,  whence  [a]i,  +67-0. 

Cyanomenthonecyanohydrin,  CHMe<CpTj  ^.  p//  jtt  wfN>^?^OH'  CMej'CN. 


1878       CLARKE  AND  LAPWORTH  :   REACTIONS  INVOLVING  ADDITION 

— This  compound  was  obtained  on  attempting  to  prepare  cyanomenthone 
by  the  action  of  potassium  cyanide  on  pulegone  in  the  cold.  The  ketone, 
dissolved  in  a  large  bulk  of  alcohol,  was  mixed  with  an  aqueous  solution 
of  potassium  cyanide,  the  amount  of  water  and  alcohol  being  so  regu- 
lated that  the  whole  was  a  homogeneous  liquid.  The  mixture  was 
allowed  to  remain  at  the  ordinary  temperature  for  about  a  week,  and 
afterwards  worked  up  by  diluting  it  with  water,  when  the  oil  which 
separated  gradually  became  semi-solid.  The  solid  matter  was  freed 
from  adherent  pulegone  either  by  spreading  it  on  porous  porcelain  or 
removing  the  pulegone  with  a  current  of  steam.  It  was  found  that  the 
same  product  was  obtained  whatever  proportions  of  potassium  cyanide 
were  used  in  the  first  instance.  A  certain  quantity  of  the  anhydramide 
already  described  was  usually  formed  at  the  same  time,  but  cyano- 
menthone itself  was  never  detected. 

The  cyanohydrin  was  purified  by  crystallisation  from  ethyl  alcohol. 
On  analysis : 

0-1438  gave  16-7  c.c.  of  moist  nitrogen  at  17°  and  771  mm.    N  =  13  6. 
CigHjgONg  requires  N=  13*6  per  cent. 

Cyanomenthonecyanohydrin  is  fairly  soluble  in  cold  ethyl  or  methyl 
alcohol,  acetone,  ethyl  acetate,  chloroform,  or  ether,  readily  so  in  the 
hot  solvents,  sparingly  so  in  carbon  disulphide  or  carbon  tetrachloride, 
and  is  almost  insoluble  in  light  petroleum  or  water. 

It  melts  somewhat  indefinitely  at  195^197°,  and  decomposes  if 
heated  to  its  melting  point  for  a  short  time  without  blackening, 
hydrogen  cyanide  being  evolved. 

0'2606  gram  dissolved  in  absolute  alcohol  and  made  up  to  25'1  c.c, 
was  examined  in  a  2-dcm.  tube  at  16°;  a  rotation  of  -063°  was 
observed,  whence  [a]u  —  30  3.  The  crystals  from  alcohol  are  six- 
sided  plates  or  elongated  flat  needles,  having  straight  extinction  in 
polarised  light.  The  axial  plane  is  identical  with  the  plane  of  the 
larger  faces  of  the  crystals,  but  crushed  fragments  of  the  substance, 
examined  in  convergent  polarised  light,  occasiocally  show  the  bisectrix 
of  a  figure  of  moderate  axial  angle.  The  double  refraction  is  strong 
and  positive  in  sign ;  the  dispersion  is  weak. 

The  compound  loses  hydrogen  cyanide  readily  and  quantitatively  at 
its  melting  point,  and  the  residue  sets  to  a  mass  of  needles  which,  after 
recrystallisation,  melted  at  164 — 165°,  and  were  identical  with 
menthonecarboxylic  anhydramide.  At  the  ordinary  temperature, 
however,  the  cyanohydrin  exhibits  a  remarkable  degree  of  stability, 
and  is  not  decomposed  by  cold  alcoholic  potassium  hydroxide  even  in 
presence  of  ferrous  hydroxide,  an  agent  which  decomposes  most  cyano- 
hydrins  with  great  rapidity.  No  precipitate  is  formed  when  silver 
nitrate  is  added  to  the  alcoholic  solution,  although  cyanohydrins,  as 
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a  rule,  are  quantitatively  decomposed  by  such  treatment.  When 
warmed  with  alcoholic  alkalis  in  presence  of  ferrous  hydroxide,  the 
substance  is  decomposed  and  the  ferrous  hydroxide  dissolves,  but  the 
product  in  all  instances  is  the  anhydramide  and  not  cyanomenthone ; 
the  latter  compound  must  be  regarded  as  a  very  unstable  one,  being 
quickly  converted  into  the  anhydramide  by  heat  or  by  the  action 
of  warm  dilute  alkalis. 

The  cyanohydrin  is  slowly  converted  by  hydrochloric  acid  at  100° 
into  the  nitrogenous  acid  described  below,  but  when  heated  Avith 
strong  hydrobromic  acid  on  the  water-bath,  it  suffers  more  profound 
decomposition,  and  yields  little  but  ammonium  bromide  and  menthone- 
carboxylic  acid  after  prolonged  treatment. 

The  lactartxe  of  aminomenthanedicarhoxylic  acid, 

CHMe<  >CH-CMe2\ 

\CH2-C(C02H)<  >C0, 

\NH ^ 

is  produced  in  considerable  quantities  when  pulegone  is  heated  with 
potassium  cyanide  in  dilute  alcohol  for  several  hours,  and  was  therefore 
obtained  in  considerable  quantities  as  a  by-product  in  the  preparation 
of  menthonecarboxylic  acid  from  pulegone.  It  was  freed  from  attend- 
ant impurities  by  extracting  it  repeatedly  with  warm  benzene  and 
then  recrystallising  it  from  glacial  acetic  acid  : 

0-2454  gave  05751  COg  and  0-1860  HgO.     C  =  63-9  ;  H  =  8-4. 
0-1346     „     7-7  c.c.  moist  nitrogen  at  20°  and  757  mm.     N  =  6-5. 
C12H19O3N  requires  C  =  64-0  ;  H  =  8-4  ;  N  =  6-2  per  cent. 

On  titration  with  standard  alkali,  0*3034  gram  required  13*7  c.c. 
iV/10  NaOH  for  complete  neutralisation,  the  equivalent  was  therefore 
222,  whilst  the  number  calculated  for  a  monobasic  acid  of  the  above 
formula  is  225. 

This  compound  is  very  sparingly  soluble  in  water,  light  peti'oleum, 
benzene,  or  chloroform,  somewhat  more  readily  so  in  alcohol,  acetone, 
or  ethyl  acetate,  but  is  freely  dissolved  only  by  glacial  acetic  acid.  It 
separates  from  a  hot  solution  in  the  latter  solvent  in  small  crystals 
melting  at  237 — 239°  after  some  preliminary  sintering.  Under  the 
microscope,  the  substance  presents  the  appearance  of  nodular  aggregates 
of  small  needles,  of  which  the  optical  characters  could  not  be  directly 
determined.  The  crystals  obtained  by  fusing  the  substance  between 
glass  slips  are  transparent,  well-formed  needles,  which  slowly  become 
opaque  owing  to  contraction  and  consequent  cracking  ;  a  part  of  the 
material  often  sublimes  when  heated,  and  the  deposit  consists  of 
brilliant,  well-formed,  but  minute  plates,  facetted  in  a  complicated 
manner. 
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The  substance  is  extremely  stable  and  many  attempts  wei-e  made  to 
convei't  it  into  hydroxymenthanedicarboxylic  acid  or  its  lactone,  but 
without  success.  It  was  not  appreciably  affected  by  strong  boiling 
potassium  hydroxide,  hydrochloric  acid,  or  dilute  sulphuric  acid. 
When  dissolved  in  strong  sulphuric  acid  to  which  sodium  nitrite 
or  amyl  nitrite  had  been  added,  a  slight  change  occurred  on  warming, 
but  the  greater  portion  of  the  material  was  recovered  unchanged. 
Hypobromites  or  hypochlorites  also  had  little  or  no  effect  at  the 
temperature  of  the  water-bath.  When  heated  in  a  closed  tube  with 
fuming  hydrochloric  acid,  no  change  was  noticed  at  120°,  but  after 
being  heated  to  170 — 180°  for  ten  hours,  the  liquid  separated  into 
two  layers,  the  upper  one  a  dark  brown  oil.  The  whole  was  diluted 
with  water  and  extracted  with  ether,  and  the  ethereal  solution  shaken 
repeatedly  with  sodium  hydroxide  solution.  On  evaporation  of  the 
ether,  a  neutral  oil  remained.  An  attempt  was  made  to  distil  this, 
but  at  280°  it  evolved  hydrogen  chloride  and  the  distillate  had  an 
odour  of  paraffin  and  peppermint,  so  that  the  original  oil  was  probably 
a  mixture  of  hydrochlorides  of  unsaturated  ketones  or  of  a  hydro- 
carbon. The  alkaline  extract  when  acidified  deposited  an  oil,  which 
slowly  solidified.  After  being  drained  on  porous  porcelain  and  crystal- 
lised from  ethyl  acetate  it  was  obtained  in  needles  melting  at  122°  and 
having  all  the  characters  of  menthonecarboxylic  acid. 


Addition  of  Hydrogen  Cyanide  to  Menthonecarboxylic  Acid.     Forma- 
tion of  Isomeric  Cyanohydrins  {Cyanomentholcarhoxylactones), 

?  CHMe<  >CH-CMe2\ 

\CH2-C(CN)<  >C0. 

\o / 

— Menthonecarboxylic  acid  (1  mol.)  dissolved  in  the  requisite  quantity  of 
dilute  sodium  carbonate  solution,  was  mixed  with  an  aqueous  solution 
of  potassium  cyanide  (1;^  mols.)  in  a  flask  which  was  afterwards  closed 
with  an  india-rubber  stopper,  through  which  passed  a  dropping-funnel 
containing  dilute  sulphuric  acid  (1  mol.).  A  few  c.c.  of  the  sulphuric 
acid  were  allowed  to  run  very  slowly  into  the  flask,  which  was  then 
closed,  and  the  addition  of  the  remainder  of  the  acid  allowed  to  occur 
automatically  (compare  Trans.,  1906,  89,  964).  At  the  end  of  twenty- 
four  hours,  the  alkaline  liqviid  was  rendered  slightly  acid  with  sul- 
phuric acid,  the  dark  brown  oil  which  separated  being  washed  first 
with  water,  then  with  warm  hydrochloric  acid  and  finally  extracted 
with  petroleum.  The  petroleum  solution  was  shaken  with  dilute 
sodium  carbonate  solution  to  remove  acids,  a  process  which  caused  the 
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separation  of  neeJles,  but  these  dissolvetl  on  the  addition  of  a  little 
benzene.  On  evaporating  the  dried  benzene-petroleum  solution,  a 
substance  separated,  which  was  purified  by  recrystallisation  from  light 
petroleum.     On  analysis  : 

0-1952  gave  0-4969  CO.^  and  0-1952  H.O.  \C  =  69-9  ;  H  =  8-4. 
CioHj^-OgN  requires  0  =  69-6  ;  H.  =  8-2  per  cent. 

a-Cyanomentholcarhoxylactone  is  readily  soluble  in  all  the  usual 
organic  media,  and  crystallises  from  light  petroleum  in  slender  needles 
melting  at  48—49°. 

The  crystals  are  opaque  needles,  of  which  the  optical  properties  are 
difficult  to  determine.  When  fused  between  glass  slips,  the  substance 
sets  to  a  mass  of  needles,  through  most  of  which  a  bisectrix  of  a 
narrow  angled  axial  figure  emerges  obliquely.  The  double  refraction 
is  weak  and  positive  in  sign. 

The  compound  is  not  acted  on  by  cold  aqueous  alkali,  but  when 
boiled  with  aqueous  sodium  hydroxide  dissolves,  being  converted  into 
menthonecarboxylic  acid  and  hydrogen  cyanide.  It  is  somewhat 
stable  towards  mineral  acids,  but  when  warmed  with  fuming  hydro- 
bromic  acid  yields  ammonium  bromide  and  menthonecarboxylic 
acid. 

^-Cyanomentholcarhoxylactone  was  obtained  from  that  portion  of  the 
original  oil  which  did  not  dissolve  in  light  petroleum.  It  was  isolated 
by  dissolving  the  residue  in  benzene,  shaking  the  resulting  solution 
with  sodium  carbonate,  and  evaporating,  the  crystals  which  separated 
being  purified  by  recrystallisation  from  a  mixture  of  benzene  and  light 
petroleum.     On  analysis : 

0-1845  gave  0-4683  00^  and  0-1371  HgO.     0  =  69-2;  H  =  8-3. 
Cj^H^yOgN  requires  0  =  69-6  ;  H=  8-2  per  cent. 

The  substance  is  very  readily  dissolved  by  chloroform,  benzene,  or 
alcohol,  somewhat  readily  also  by  ether  or  ethyl  acetate,  but  is  very 
sparingly  soluble  in  light  petroleum.  It  separates  from  a  mixture  of 
benzene  and  light  petroleum  in  large,  transparent  crystals  melting  at 
126 — 127°.  The  prisms  are  well  formed,  and  in  convergent  polarised 
light  some  of  these  show  the  bisectrix  of  an  axial  figure  of  moderate 
angle.  The  double  refraction  is  strong  and  negative  in  sign ;  the 
dispersion  is  also  fairly  strong,  the  angle  for  blue  light  being 
greater  than  that  for  red.  The  axial  plane  is  perpendicular  to  the 
direction  of  greatest  length  in  the  crystal.  After  fusion  on  a  glass 
slide  beneath  a  cover-slip,  the  lactone  rapidly  sets  to  patches  of 
radiating  or  parallel  needles,  the  optical  properties  of  which  were 
identical  with  those  of  the  prisms  just  described. 


1882  DEHN  AND  THORPE  :  NOTE  ON  THE 

In  chemical  properties  the  compouad  closely  resembles  the  isomeric 
cyanolactone. 

The  authors  desire  to  express  their  thanks  to  the  Research  Fund 
Committee  of  the  Chemical  Society  for  a  grant  which  defrayed  part  of 
the  cost  of  the  investigation. 
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CLXXXII. — Note    on  the  Anhydride  of  Phenylsuccinic 

Acid. 

By  Frank  Bernhard  Dehn  and  Jocelyn  Field  Thorpe. 

The  anhydride  of  phenylsuccinic  acid  has  been  described  as  melting  at 
40—50^  (Spiegel,  Annalen,  1883,  219,  32),  53—54°  (Alexander, 
Annalen,  1890,258,  75),  150°  (Bredt  and  Kallen,  Annalen,  1896,  293, 
347), and  as  existing  in  two  forms,  one  melting  at  53 — 54°,the  other  at 
150°  (Wegscheider  and  Hecht,  Monatsh.,  1903,  24,  418).  In  spite  of 
the  fact  that  the  compound  melting  at  150°  was  analysed  and  titrated 
by  Bredt  and  Kallen,  we  are  of  the  opinion  that  it  is  an  impure  form 
of  the  acid,  and  that  phenylsuccinic  anhydride  exists  in  only  one  form, 
which  melts  at  53 — 54°. 

The  errors  concerning  the  properties  of  this  compound  have 
evidently  arisen  owing  to  its  remarkable  instability  in  the  presence  of 
moisture.  Thus  it  is  apparently  impossible  to  prepare  the  pure  anhy- 
dride by  distilling  phenylsuccinic  acid  under  diminished  pressure,  and 
although  the  distillate  boils  constantly,  yet  a  considerable  quantity  of 
unchanged  acid  is  always  carried  over  by  the  anhydride  vapour.  The 
use  of  this  method,  both  by  Bredt  and  Kallen  and  by  Wegscheider 
and  Hecht,  for  the  preparation  of  the  anhydride  accounts  for  the 
presence  of  unchanged  acid  in  the  products  with  which  they  worked. 
In  the  following  expeiiments  the  experimental  details  given  by  these 
investigators  have  been  closely  followed. 

Distillation  of  Phenylsuccinic  Acid  under  Diminished  Pressure. 

The  distillation  of  phenylsuccinic  acid  was  conducted  according  to 
the  directions  given  by  Wegscheider  and  Hecht,  about  50  grams  of 
the  acid  being  slowly  distilled  under  a  pressure  of  16  mm.  The 
distillate,  which  passed  over  constantly  at  196°,  solidified  after  standing 
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some  hours  and  then  melted  at  from  53 — 115°.     A  specimen  of  this 
product  gave  the  following  figures  on  analysis  : 

0-2012  gave  0-4892  COj  and  00856  HgO.     C  =  66-31  ;  H  =  4-72. 
C^oHgOj  requires  C  =  68-l  ;  H  =  4-5  per  cent. 
C10H10O4       „       C  =  61-8  ;H  =  5-2       „ 

The  solidified  distillate  was  dissolved  in  dry  ether  and  allowed  to 
stand,  when  the  characteristic  crystals  of  phenylsuccinic  anhydride 
slowly  f-eparated.  The  product  melted  sharply  at  53 — 54°.  Another 
portion  of  the  same  distillate  was  dissolved  in  hot  xylene,  which  had 
previously  been  purified  by  distillation  over  sodium  and  the  solution 
placed  in  a  steam-heated  oven  for  some  days,  when  the  solid  which  had 
then  separated  was  isolated  by  filtration  and  washed  with  a  little 
xylene.  It  melted  at  150 — 153°,  and  gave  the  following  result  on 
analysis  : 

0-1984  gave  0-4500  COg  and  0-0991  Bf> ;  C  =  61  -86  ;  H  =  5-55. 
CjqHjqO^  requires  0  =  61-8;  H  =  5-2  per  cent. 

The  compound  dissolved  instantly  in  cold  aqueous  sodium  carbonate 
with  effervescence.  Another  portion  of  the  distillate  was  placed 
in  a  test-tube,  which  after  being  sealed  was  placed  in  a  steam-heated 
oven  for  several  days.  Crystals  slowly  separated,  which,  after  the 
deposition  had  ceased,  were  isolated  and  found  to  melt  at  150—156°. 

The  compound  was  instantly  soluble  in  sodium  carbonate  solution 
with  effervescence. 

The  products  melting  at  150 — 153°  and  150  — 156°  were  recrystal- 
lised  from  hot,  pure  xylene,  and  in  each  case  small  needles  melting  at 
168°  separated  from  the  solutions  on  cooling  : 

0-2083  gave  0-4722  CO2  and  0-1037  H2O;  C  =  61-82;  H  =  5-53. 
CjqHjqO^  requires  0  =  618;  H  =  5-2  per  cent. 

This  was  evidently,  therefore,  pure  phenylsuccinic  acid. 

Another  portion  of  the  solidified  distillate  melting  at  53 — 115°  was 
treated  according  to  the  method  employed  by  Bredt  and  Kallen.  It 
was  thoroughly  ground  with  cold  light  petroleum  (b.p.  110 — 120°),  . 
and  the  solid  residue,  after  being  collected  by  filtration  and  washed 
with  light  petroleum,  recrystallised  from  this  solvent.  The  crystals 
which  separated  melted  at  150 — 152°  : 

0-2078  gave  0-4713  COg  and  0-1015  ll^O.     0  =  61-85;  H  =  5-42. 
OjqHjqO^  requires  0  =  61-8;  H  =  5-2  per  cent. 

The  compound  dissolved  in  dilute  aqueous  sodium  carbonate  solution 
with  effervescence,  and,  when  recrystallised  from  xylene,  yielded  the 
pure  acid  melting  at  168°. 

VOL.    LXXXIX.  6    H 
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Formation  of  Phenyl  succinic  Anhydride  from  Phenylsuccinic  Acid  on 
Treatment  with  Acetic  Anhydride  and  Subsequent  Distillation. 

Fifty  grams  of  the  acid  were  mixed  with  a  large  excess  of  freshly 
distilled  acetic  anhydride  and  heated"  on  the  sand-bath  for  five  to 
six  hours,  when  the  acetic  acid  and  unchanged  acetic  anhydride  were 
distilled  off,  as  far  as  possible,  under  the  ordinary  pressure  and  the 
residue  distilled  under  a  pressure  of  16  mm.  The  anhydride  passed 
over  constantly  at  196 — 197°  as  a  colourless  oil,  which  instantly 
solidified  on  cooling  to  a  hard  crystalline  cake  melting  at  53 — 54°  : 

0-1976  gave  0-4923  COg  and  0-0821  HgO.     0  =  6794;  H  =  4-62. 
CjoHgOg  requires  C  =  68-l  ;  H  =  4-5  per  cent. 

This  anhydride,  when  dissolved  in  ^^a  little  dried  xylene  and  the 
solution  placed  in  a  steam-heated  oven,  deposited  no  solid  even  after 
three  months.  A  portion  sealed  in  a  diied  tube  and  also  heated 
at  100°  for  the  same  period  of  time  deposited  no  crystals,  and  another 
portion  when  sealed  remained  unchanged  after  standing  three  months 
at  the  ordinary  temperature.  Some  of  the  anhydride  was  recrystal- 
lised  from  dry  ether,  and  the  large  monoclinic  crystals  obtained  in 
this  way  sealed  in  a  tube  which  had  been  evacuated  by  the  aid  of  the 
mercury  pump.  After  three  months,  the  surfaces  of  the  crystals 
remained  bright,  and  the  melting  point  was  found  to  be  the  same 
as  before  sealing.  The  anhydride  also  remained  unaltered  when  kept 
either  in  an  evacuated  desiccator  or  in  a  sealed  tube  filled  with  dry 
air,  but  on  exposure  to  the  air  of  the  laboratory  it  gradually  passed 
into  the  acid,  a  change  which  was  almost  complete  after  three  weeks 
(compare  Hann  and  Lapworth,  Trans.,  1904,  86,  1367). 
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CLXXXIIL — Studies  in  Optical  Superposition.  Part  II. 
By  Thomas  Stewart  Patterson  and  John  Kaye. 

In  the  first  part  of  this  investigation  (Patterson  and  Taylor,  Trans., 
1905,  87,  33,  122),  di-^-menthyl  (Z-tartrate  and  its  diacetyl  derivative 
were  described  and  data  were  given  for  their  rotations,  as  well  as  for 
that  of  menthol,  both  in  the  homogeneous  state  and  in  solution.  The 
present  communication  deals  with  the  corresponding  Z-menthyl  deriv- 
atives of  ^tartaric  acid. 
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In  the  first  part,  however,  the  chief  problem  for  the  elucidation 
of  which  the  investigation  was  undertaken  was  not  discussed,  because 
the  data  secured  were  insufficient  to  supply  a  definite  answer.  The 
data  which  we  now  publish,  whilst  having,  as  in  the  former  case,  an 
interest  of  their  own,  are  still  insufficient  to  decide  the  main  question 
at  issue,  but  in  consequence  of  the  appearance  of  a  paper  by  RosanofE  * 
{J.  Amer.  Cheni.  Soc,  1906,  28,  525)  we  will  state  briefly  here  the 
ideas  which  we  wish  ultimately  to  test. 

The  rotation  of  a  compound  built  up  of  two  active  radicles,  for 
example,  c^-amyl  lactate,  may  be  regarded  as  the  sum  of  two  rotations, 
say  a°  and  y3°,  one  contributed  by  each  radicle,  van't  Hoff  is 
responsible  for  the  assumption,  very  reasonable  at  the  time  it  was 
made,  that  the  rotation  of  ^-amyl  Z-lactate  may  be  represented  as  equal 
to  —  a°  +  fi°,  a  quantity  obtained  by  merely  reversing  the  sign  of 
rotation  of  the  amyl  radicle.  This  assumption  is  known  as  the 
principle  of  optical  superposition,  and  a  considerable  amount  of  experi- 
mental work  has  been  undertaken  by  Guye  and  by  Walden  with  the 
object  of  proving  it. 

A  consideration  of  this  work  convinced  us,  firstly,  that  the  experi- 
ments of  Guye  and  Walden  have  in  reality  no  bearing  on  the  matter 
in  hand,  and,  secondly,  that  the  validity  of  van't  Huff's  assumption 
is  distinctly  open  to  doubt. 

According  to  a  reference  in  Meyer  and  Jacobson's  Lehrhuch  (vol.  i, 
2nd  edition,  p.  104),  Urban  {Ai-ch.  Pharm.,  1904,  242,  51)  has  arrived 
at  a  similar  conclusion,  but  unfortunately  we  have  not  been  able 
to  consult  the  original  memoir.  Lowry  in  a  recent  paper  (Trans.,  1906, 
80,  1039)  also  calls  attention  to  a  case  in  which  van't  Hoff's  assump- 
tion is  contradicted. 

We  may  examine  briefly  an  example  of  Walden's  results.  He 
prepared,  for  instance,  three  amyl  lactates,  and  determined  their 
rotations  with  the  following  results  : 

[a]D.  [M]„. 

I.     i-Amyl  Mactate -6-38°  -10-21° 

II.     Z-Amyl  z-lactate +2-64  +4-22 

III.     Z-Amyl  Mactate -3-93  -6-29 

Since  the  sum  of  the  molecular  rotations  of  I  and  II  (-5-99°)  is 
nearly  the  same  as  the  rotation  of  III  (  -  6  "29°),  and  from  a  number  of 
other  similar  series  of  figures,  Walden  concludes  that  "  die  lande- 
siibliche  Auffassung  von  der  algebraischen  Superposition  der  optischen 
Eigenschaften  verschiedener  asymmetrischen  Kohlenstoffatome  in  einer 
Molekul  findet  ihre  Bestiitigung  "  {Zeit.  physikal.  Chem.,  1895,  17,  724). 
That  is,  the  experiment  quoted  above  is  taken  as  proving  that  the 
rotation  of  the  active  lactyl  radicle  in  I  is  the  same  as  in  III,  the 

*  The  paper  has  recently  been  repubUslied  in  Zcil.  physikal.  Chcm.  190G,  56,  565. 
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rotation  of  the  active  amyl  radicle  in  II  is  the  same  as  in  III,  and  that 
therefore  the  rotation  due  to  the  lactyl  radicle  is  the  same  whether  it 
be  combined  with  a  laevo-  or  a  dextro-amyl  radicle. 

It  may  be  said  at  once  that  the  mistake  made  here  lies  in  regarding 
i-amyl  and  i-lactyl  as  simple  radicles.  The  substances  I  and  II  above 
are  not  homogeneous  compounds.*  When  Z-lactic  acid  acts  on 
i-amyl  alcohol,  two  substances  are  formed — we  may  assume  for  the 
moment  that  they  are  formed  in  equal  proportions — so  that  if  .«mall 
letters  represent  amyl  radicles  and  capital  letters  represent  lactyl 
radicles,  we  have 

I      =       \^-_l     and     II      =       |^:f. 

Therefore,  in  supposing  the  rotation  of  I  to  be  that  of  i-amyl 
Z-lactate,  Walden  makes  the  tacit  assumption  that  Z-amyl  and  rf-amyl 
have  the  same  effect  on  the  rotation  of  Z-lactyl,  the  very  point  which 
was  under  investigation. 

Further,  of  the  four  compounds  composing  I  and  11,  d  -  L  forming 
half  of  I  and  I-  D  forming  half  of  II  are  enantiomorphs,  so  that 
their  rotations  would  be  equal  and  opposite,  say,  y8°  and  -  ^,  whilst  the 
other  half  of  I  is  the  same  as  the  other  half  of  II.  If,  then,  the  pure 
compound  I  -  L  has  a  rotation  equal  to  a°  for  a  given  length  of  tube, 
it  is  obvious  that  the  rotation  of  I  for  the  same  length  of  tube 
will  be  equal  to  ^a°  + 1^,  whilst  that  of  II  will  be  equal  to  |a°  -  J/3°, 
their  sum  being,  of  course,  a°,  the  rotation  of  the  pure  compound 
l-L. 

What  Walden  has  done  in  these  cases,  therefore,  is  merely  to 
measure  the  rotation  of  I  —  L  in  two  different  ways,  and  it  is  not 
surprising  that  the  results  agree  fairly  closely.  The  experiments  have 
been  carried  out  in  such  a  manner  as  to  eliminate  in  each  case 
the  influence  they  were  intended  to  discover. 

There  is,  indeed,  so  far  as  we  are  aware,  only  one  recorded  instance  in 
which  this  question  can  be  directly  tested,  and,  curiously  enough,  thedata 
ai'e  supplied  by  Walden  himself,  who,  however,  makes  no  reference  to 
their  bearing  on  this  particular  subject.  In  a  paper,  "  Ueber  die 
optiache  Drehung  stereoisomerer  Verbindungen  "  {Zeit.  physikcd.  Chem., 
1896,  20,  377),  he  gives  values  for  the  rotations  of  the  di-^-amyl  esters 
of  racemic  and  i-tartaric  acid,  comparing  them  with  the  values  for 
the  rotations  of  the  di7-amyl  esters  of  maleic  and  fumaric  acid. 

Now  the  Z-amyl  ester  of  racemic  acid  will,  of  course,  consist  of  two 
non-enantiom Orphic  substances,  and  if  we   assume   definite  rotation 

*  This  was  clearly  seen  by  Frankland  and  Price  in  the  analogous  case  of  the 
amyl  glyeerates  (Trans.,  1897,  71,  267).  These  authors,  however,  were  not  thereby 
led  to  doubt  the  validity  of  van't  Hoff's  assumption.  On  the  contrary,  they  accept 
it  as  the  basis  of  some  of  their  arguments. 
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values   for  the    different  active    carbon    atoms    in    these    compounds 
according  to  the  idea  of  van't  Hoff,  Guye,  and  Walden,  we  shall  have, 
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Obviously  the  rotation  of  the  racemic  ester,  since  it  is  supposed  to 
consist  of  equal  parts  of  I  and  II,  should  be 
2a°  +  2/3°         2a°-2/3° 


+ 
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that  is,  should  be  the  same  as  the  rotation  of  the  i-tartaric  ester. 

Walden's  figures  are  : 

[Mff. 

Di-Z-amyl  t-tartrate  +13"83° 

Di-?-amyl  dMartrate   +9  77 

Between  these  numbers  there  is  a  difference  of  4*06°,  almost  half 
the  rotation  of  the  racemic  ester,  and  much  greater  than  the  difference 
(0"3°)  in  the  case  of  the  amyl  lactic  esters  already  mentioned. 

These  data  of  Guye  and  Walden  are  not,  however,  experimentally 
sound.  In  all  cases,  as  has  been  pointed  out,  the  active  compounds 
the  rotations  of  which  have  been  determined  were  mixtures,  and 
hei"ein  lies  a  possible  source  of  error.  To  take  the  last  example 
quoted.  When  pure  ^amyl  alcohol  acts  on  racemic  acid,  it  is  probable 
that  the  d-  and  Z-acids  do  not  esterify  at  the  same  rate,  and  since  in 
the  preparation  of  an  ester  the  esterification  is  seldom  or  never 
complete,  it  is  by  no  means  unlikely  that  after  distillation  the 
resultant  ester  does  not  contain  equal  proportions  of  the  d-  and 
^acid  radicles.  Further,  the  amyl  alcohol  used  by  Walden  was  itself 
also  a  mixture,  which  renders  the  experiment  still  more  complicated 
and  unreliable.  The  esterification  of  the  i-acid  would,  of  course,  only 
be  affected  by  the  latter  cause. 

These  considerations  apply,  however,  to  all  the  experiments  with 
Z-amyl  alcohol  and  c^^-acids,  and  thei-efore  it  might  be  expected  that 
the  experimental  error  in  each  series  would  be  much  the  same. 
This  is  the  case  in  all  except  the  experiments  with  i-tartaric  and 
racemic  acid.  The  difference  in  the  rotations  of  the  esters  of  these 
acids  can  hardly  be  ascribed  entirely  to  experimental  error,  and  that 
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this  difference  has  been  found  goes,  we  think,  some  way  towards 
disproving  van't  Hoff's  assumption. 

In  Rosanoff's  paper,  already  referred  to,  the  line  of  argument  is 
exactly  similar  to  ours,*  and  he  arrives  at  the  same  conclusion, 
namely,  that  the  "principle"  of  optical  superposition  is,  at  least,  very 
doubtful. 

He  also  suggests  that  in  the  experiments  of  Walden  and  of  Guye 
solvent  influence  may  exercise  a  disturbing  effect.  That  this  may  be 
so  is  possible,  but  we  are  inclined  to  think  that  any  s  dvent  action 
which  may  come  into  play  is  likely  to  be  of  much  less  consequence 
than  the  possibility  of  selective  esterification,  mentioned  above,  which 
Rosanoff  has  overlooked. 

One  other  point  we  may  refer  to.  Rosanoff,  in  his  paper  (p.  529), 
in  discussing  a  case  of  supposed  optical  superposition,  says,  "On  the 
other  hand,  cases  like  Landolt's,  if  general  instead  of  exceptional, 
would  lead,  not  to  the  principle  of  optical  superposition,  but  to  the 
theorem  that  the  rotatory  power  of  an  active  radicle  is  independent  of 
the  chemical  composition  of  the  rest  of  the  molecule,"  and  to  this 
passage  he  adds  a  footnote  in  the  words :  "  Patterson  and  Taylor  (Trans., 
1905,  87,  33)  seem  to  think  that  this  is  really  what  is  meant  by 
optical  superposition." 

It  is  difficult  to  understand  how  Rosanoff  could  have  fallen  into  this 
error,  since  in  the  second  paragraph  of  the  paper  to  which  he  refers 
there  occurs  the  passage,  *'  When  in  a  simple  active  molecule,  such  as 
that  of  lactic  acid,  the  replaceable  hydrogen  atoms  are  substituted  by 
radicles  like  methyl  and  ethyl  or  acetyl  and  benzoyl,  the  change  in 
rotation  which  occurs  with  each  substitution  is  probably  due,  not 
merely  to  the  addition  of  a  new  group,  but  also  to  a  modification,  a 
slight  molecular  rearrangement  of  the  active  radicle  itself.  That  is, 
the  lactyl  radicle,  supposing  it  could  be  detached  from  a  molecule  of 
methyl  lactate  without  suffering  any  other  change,  would  show,  when 
examined  polarimetrically,  a  rotation  differing  from  that  of  a  lactyl 
radicle  separated,  in  the  same  manner,  from  a  molecule  of  some  other 
lactate."  The  idea  suggested  here  is  surely  the  antithesis  of  the 
conception  that  the  rotatory  power  of  an  active  radicle  is  independent 
of  the  chemical  composition  of  the  rest  of  the  molecule  ! 

Rosanoff's  paper  contains  no  new  experimental  work,  but  some  is 
promised,  and,  therefore,  to  prevent  any  possible  overlapping  we  may 
state  that  the  next  part  of  this  investigation  will  deal  with  the 
menthyl    esters   of  i-tartaric  acid,  and  we  hope  then  to   obtain   data 

*  The  foregoing,  except  for  the  references  to  more  recent  work,  was  written,  in  » 
more  extended  form,  more  than  three  years  ago,  and  was  intended  to  serve  as  an 
introduction  to  Part  I  of  this  investigation.  For  the  reason  given  on  p.  1885, 
however,  it  was  omitted  from  that  paper. 
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which  shall  supply  a  satisfactory  solution  to  the  problem  of  optical 
superposition. 

Experimental. 

The  sodium  ammonium  ^tartrate  used    in    this  investigation  was 

prepared  by  us  from  racemic  acid. 

That  the  salt  was  pure  is  shown  by  the  following  figures  : 

2'5  grams  made  up  to  50  c.c.  with  water  gave  in  a  2-dcm.  tube  the 

rotations : 


t. 
16-3° 


-4-650° 


t. 
20-1° 


-4-670° 


from  which  d'^'  -  4  6 6 9. 

A  recrystallised  specimen  of  sodium  ammonium  cZ-tartrate,  prepared 
from  the  dextro-acid,  gave  at  the  same  concentration  the  figures  : 


t. 

Od. 

t. 

Od. 

13 -9° 

+  4-62° 

17-2° 

■     +4-640 

16-9 

4-634 

22-5 

4-669 

from  which  a^'  +4-655. 

Di-\-vienthyl-\-tartrate. — For  the  preparation  of  this  substance  it  is 
not  necessary  to  isolate  Z-tartaric  acid  from  the  sodium  ammonium  salt. 
The  process  used  was  as  follows  :  some  sodium  ammonium  tartrate  was 
thoroughly  dehydrated  by  heating  in  the  steam  bath  for  three  to  four 
hours.  Fifty  grams  of  the  salt  were  placed  in  a  round-bottomed  flask 
with  158  grams  of  menthol,  and  dry  hydrogen  chloride  was  passed  into 
the  mixture,  first  in  the  cold  and  then  at  110 — 130°  for  about  twelve 
hours.  The  liquid  mixture  in  the  flask  was  then  separated  from  the 
chlorides  of  sodium  and  ammonium  formed,  by  pouring  off  while  hot 
into  a  distilling  flask.  Most  of  the  menthol  was  then  distilled  off  under 
diminished  pressure  and  steam  blown  through  the  viscid  residue  to 
remove  the  last  traces.  The  ester  in  the  flask  was  extracted  with  ether 
in  which  it  did  not  seem  very  soluble,  heating  being  necessary.  A 
viscid  brown  solution  was  thus  obtained,  and  on  adding  a  small 
quantity  of  sodium  carbonate  solution  (a  few  drops)  a  copious  white 
precipitate  separated.  This,  which  proved  to  be  sodium  Z-menthyl- 
Z-tartrate,  was  filtered  off  and  examined  later.  The  ethereal  extract 
was  washed  with  sodium  carbonate  solution,  then  with  water,  and  dried 
over  anhydrous  sodium  sulphate.  After  removing  the  ether  an  attempt 
was  made  to  distil  the  menthyl  tartrate,  but  without  success,  as 
decomposition  occurred.  Attempts  were  also  made  to  crystallise  the 
ester  after  it  had  been  purified  by  boiling,  in  ethyl  alcoholic  solution, 
with  animal  charcoal  and  then  precipitating  with  water,  but  these 
were  for  a  long  time  unsuccessful.  Finally,  we  found  that  if  the  ester 
was  dissolved   in  pyridine  and   water   added,   a  crystalline  substance 
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separated  out.  This  compound,  which  contains  pyridine,  was  re- 
crystallised  twice  from  light  petroleum,  when  it  melted  at  69 — 70°.* 
We  then  found  that  if  the  menthyl  tarti-ate  was  dissolved  in  light 
petroleum  and  a  crystal  of  the  above  substance  added,  menthyl  tartrate 
crystallised  in  fine  needles  melting  at  42°.  Tt  was  recrystallised  from 
light  petroleum,  when  it  melted  at  the  same  temperature  as  before,  and 
on  analysis 

0  1900  gave  0-4719  COo  and  0-1711  H2O.     0  =  67-73;  H  =  10-00. 
CojH^gOg  requires  H  =  986  ;  C  =  67-61  per  cent. 

We  made  two  attempts  to  determine  the  rotation  of  this  ester, 
one  with  a  specimen  prepared  before  we  had  obtained  any  in  the 
crystalline  condition,  and  therefore  purified  by  precipitation  with 
water  from  ethyl  alcoholic  solution,  and  another  with  the  crystallised 
substance.  Since  in  both  cases  we  observed  the  same  behaviour  we 
need  quote  only  from  the  latter.  The  substance  was  melted  and 
poured  into  a  30  mm.  tube.  It  did  not  crystallise  on  cooling,  so  the 
■  first  rotation  was  taken  at  t :  16-3°,  when  a^  -  23-86°.  On  raising  the 
temperature  the  rotation  increased,  and  at  134-9°  had  the  value 
aij  -  24-12°.  On  the  following  morning,  however,  the  rotation  had 
not  returned  to  the  original  value,  but  at  18-4°,  a^  -  24'31°,  and  a 
day  or  two  later  at  130°,  a^  —24-51°.  On  cooling  again  to  9-5°, 
ao  had  become  -2469°,  and  when  heated  to  98-2°,  ap  -24-83°. 
The  last  observation  made  at  93°  gaveap  -  24-77°,  and  at  99-3°  au  had 
the  value  -  24-84°.  These  observations  extended  over  about  a  fortnight ; 
they  show  no  constancy,  but  to  what  this  is  due  we  cannot  explain. 

The  density  of  the  menthyl  tartrate  was  also  determined  twice. 
The  results  agreed  closely,  as  is  shown  by  the  following  figures:  Series  I 
was  carried  out  with  an  oil  purified  by  precipitation,  Series  II  with  the 
crystallised  substance. 


Series  I. 

Series  II. 

Series  I. 

Series  II. 

t. 

t. 

Density. 

t 

t. 

Density. 

— 

71-5° 

1-0028 

— 

136° 

0-9536 

— 

79 

0-9968 

ia7° 

— 

0-9541 

94° 

— 

0-9866 

— 

154 

0-9396 

— 

112 

0-9725 

Obviously,  specific  and  molecular  rotations  deduced  from  the  above 
values  are  of  little  importance,  but  the  following  numbers  for  the 
extremes  at  low  and  at  high  temperatures  may  be  given  : — 

-76-11°  -324-2° 

78-60  334-8 

84-22  358-8 

84-36  359-4 

*  This  substance  will  be  more  fully  investigated  later. 


t°. 

o'^'(30mm.). 

Density 

16-3° 

-  23-86° 

1-0450 

9-3 

24-77 

1-0505 

134-9 

24-12 

0-9547 

99-3 

24-84 

0-9816 
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Sodium  \-Menthyl  l-Tartrate. — As  already  mentioned  (p.  1889),  a  sub- 
stance was  precipitated  in  rather  a  curious  manner  from  the  ethereal 
extract  of  crude  menthyl  tartrate  on  the  addition  of  a  drop  or  two  of 
sodium  carbonate  solution.  This  compound  was  not  very  soluble  in 
hot  water.  On  cooling,  the  solution  became  turbid,  and,  on  standing, 
clusters  of  needle-shaped  crystals  separated  and  the  solution  became 
quite  clear.  The  substance  was  recrystallised  from  water.  It  did  not 
melt  when  heated  to  200°.     On  igniting  with  sulphuric  acid  : 

10091  gave  0-208  NagSO^.  Na  =  6-68. 
0-7013  „  0-147  NagSO^.  Na  =  6-79. 
0-3480,  dried  at  100°,lost  0-0191  H2O.     H20  =  5-48. 

Cj^HjgOgNajHgO  requires  Na  =  7-01  ;  H20  =  5-48  per  cent. 

The  rotation  of  the  compound  was  determined  in  aqueous  solution 
with  the  following  result : 

p.  f.  o';  (170  mm.).      Density.  [a]';.  [M]'J.        . 

0-3623  48-6°  -0-466°  0-9896  -76-46°  -250-8° 

Menthyl  diacetyl-\-tartrcde  was  prepared  by  boiling  menthyl  tartrate 
with  excess  of  acetyl  chloride  for  several  hours.  The  residue,  after  the 
acetyl  chloride  had  been  distilled  off,  was  washed  with  water  and 
sodium  carbonate  solution,  when  it  became  solid.  The  compound, 
when  dry,  was  dissolved  in  hot  methyl  alcohol  and  boiled  under  a 
reflux  condenser  with  animal  charcoal,  the  solution  filtered  and  allowed 
to  cool.  The  crystals  which  separated  were  recrystallised  from  aqueous 
methyl  alcohol,  when  they  melted  at  102-5°.     On  analysis  : 

01947  gave  0-4705  CO2  and  0-1558  HgO.     C  =  6590 ;  H  =  889. 

0-2136     „     0-5164  CO2     „    01711  H.O.     0  =  6593 ;  H  =  8-90. 

CggH^gOg  requires  C  =  65  88  ;  H  =  9-02  per  cent. 

The  molecular  weight  of  the  compound  was  determined  cryoscopically 
in   benzene   solution    (K  =  50),   the   following   data   being   obtained: 

Theoretical  M.W.  =  510. 

Grams  01 
substance  per 
Weight  of  Weight  of        100  grams  of 

substance.  solvent.  solvent.  A.  M.W. 

0-1903  gram  16-65  grams  1-14  0-11°  519-5 

0-2863     „  16-65      ,,  1-72  0-17  505-7 

0-4466     „  16-65      ,,  2*68  028  4789 

1-0580     ,,  17-15      ,,  6-17  0-67  460-4 

In  this  case,  therefore,  as  was  also  found  for  the  corresponding 
derivative  of  eZ-tartaric  acid  (Patterson  and  Taylor,  Trans.,  1905, 
87,  40),  the  molecular  weight  diminishes  with  increasing  con- 
centration, but  the  substance  seems  to  be  uninioleciilar  in  very  dilute 
solution. 
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The  rotation  of  the  substance  in  the  homogeneous  condition  was 
then  determined  with  the  following  result.  The  ester  remained  super- 
cooled for  a  long  time,  and  therefore  the  observations  could  be  extended 
over  a  wide  range  of  temperature.  The  numbers  are  recorded  in  the 
order  in  which  they  were  obtained. 

Rotation  of  Di-\-menthyl  Diacetyl-\-tartrate. 


t°. 

a^°  (30  mm.). 

Density. 

[«]*;• 

[M]^. 

122-5° 

-22-135° 

0-9697 

-76-10° 

-388-1' 

129-0 

22-080 

0-9645 

76-31 

389-2 

146-5 

22-020 

0-9505 

77-23 

393-9 

104-5 

22-195 

0-9842 

75-18 

383-4 

15-0 

22-237 

1-0558 

70-21 

358-1 

49-3 

22-204 

1-0283 

71-98 

367-2 

103-0 

22-166 

0-9853 

75-00 

382-5 

150  0 

22-042 

0-9477 

77-54 

395-4 

16-0 

22-242 

1-0550 

70-28 

358-4 

ensitie 

8  determined  : 

d.. 

98° 

122° 
0-9701 

142° 
0-9541 

0-9894 

There  is  no  sign  here  that  any  permanent  alteration  of  rotation  had 
occurred. 

The  rotations  of  ^-menthyl  ^-tartrate,  and  ^menthyl  diacetyl  ^-tartrate 
were  then  determined  in  ethyl  alcohol,  benzene,  and  nitrobenzene  with 
the  following  results  : 


\-Menthyl  \-Tartrate. 


Solvent :  Ethyl  Alcohol. 


p. 

f. 

Density. 

a^°(l70mm.). 

[«]'; 

[M]'; 

I. 

2-41729 

14-25" 

0-8009 

-2-490° 

-75-64° 

-321-7' 

27-6 

0-7893 

2-491 

76-77 

327-0 

38-9 

0-7779 

2-493 

77-90 

331-8 

20-0* 

— 

— 

76-06  * 

324-0 

II. 

7-05393 

18-0° 

0-8055 

-7-29° 

-75-48° 

-321-5= 

24-6 

0-8000 

7-30 

76-10 

324-2 

48-0 

0-7800 

7-30 

78-05 

332-5 

20-0* 

— 

— 

75-60  * 

322-2 

Densities  determined : 

f.  d. 

I.         19-55°  0-79615 

23-2  0-79305 

29-8  0-78741 


II. 


Interpolated. 


r. 
18-25° 
22-95 
38-6 


d. 
0-80516 
0-80136 
0-78766 
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\-Menthyl  \- Tartrate  (continued). 


Solvent :  Benzene. 


f- 

f. 

Density. 

a^  (170  mm.). 

K- 

[M]'; 

I.     2-73118 

18-3° 

0-8825 

-3-001° 

-73-22 

-311-9° 

31  0 

0-8690 

3-000 

74-35 

316-5 

38-0 

0-8615 

3-000 

75-00 

319-5 

20-0 

•               

— 

73-33 

*         312-4 

II.     5-39447 

15-1° 

0-8890 

-6-083° 

-74-57= 

-317-7° 

24-5 

0-8790 

6-071 

75-30 

320-8 

35-9 

0-8670 

6-065 

76-34 

325-2 

20-0 

*               — 

— 

74-94 

319-2  * 

Densities  determined 

f. 

d. 

f. 

d. 

I.         18-5° 

0-88196 

II.        17-75° 

0-88.591 

21-5 

0-87910 

21-60 

0-88202 

27-0 

0-87342 

30-15 

0-87303 

Solvent :  Nitrobenzene. 

V- 

f. 

Density. 

a'^'  (170  mm.). 

i<- 

[M]*; 

I.     1-98411 

13-8° 

1-2047 

-3-610° 

-88-84° 

-378-5° 

20-2 

1-1983 

3-600 

89-06 

379-4 

41-0 

1-1775 

3-528 

88-87 

378-5 

51-5 

1-1667 

3-483 

88-43 

376-7 

13-6 

1-2049 

3-619 

89-08 

379-5 

20-0 

»                

— 

89-02 

379-2  * 

II.     5-34773 

13-5° 

1-1975 

-9-727° 

-89-37° 

-380-7° 

25-3 

1-1857 

9-610 

89-15 

379-7 

31-3 

1-1797 

9-529 

88-86 

378-5 

42-0 

1-1692 

9-482 

89-19 

379-9 

20-0 

»               

— 

89-32 

380-5  * 

Densities  determined : 

t°. 

d. 

t°. 

d. 

I.        17-85° 

1-20082 

II.        17-50° 

1-19337 

20-80 

1-19783 

29-75 

1-18149 

29-30 

1-18933 

43-50 

1-1679 

\-Menthyl  Diacetyl-l- tartrate. 


Solvent :  Ethyl  Alcohol. 

P- 

f. 

Density. 

a[;(170mm.). 

["l^- 

[Mji;. 

I.     3-9479 

20-2° 

0-7985 

-3-871° 

-72-21° 

-368-3 

32-6 

0-7879 

3-874 

73-18 

373-3 

42-0 

0-7795 

3-874 

73-97 

377-2 

20-0  * 

— 

— 

72-20  • 

368-2 

II.     5-80053 

16-7° 

0-8053 

-5-675° 

-71 -.52° 

-364-7' 

26-8 

0-7953 

5-675 

72-29 

368-7 

38-0 

0-7854 

5-680 

73-34 

374-0 

20-0  * 

*  Intoi'i 

>olateil. 

71-77* 

366-0 
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\-Menthyl  DiacetylA-tartrate  (continued). 
Densities  determined : 


II. 


t°. 

d. 

21-0° 

0-79799 

25-5 

0-79407 

39-4 

0-78200 

f. 

d. 

19-1° 

24-0 

37-2 

0-80333 
0-79895 
0-78784 

Solvent :  Benzene. 


I.     2-06209 


II.     5-21901 


t". 

Density. 

a5;(170mm.). 

[<■ 

[M]'\ 

21-0° 

0-8795 

-1-885° 

-60-97° 

-310-9° 

31-5 

0-8685 

1-895 

62-08 

316-6 

15-0 

0-8860 

1-895 

60-85 

310-3 

20-0' 

— 

— 

61-17* 

312-0* 

1.5-3° 

0-8905 

-4-822° 

-61-01° 

-311-1° 

27-5 

0-8775 

4-827 

62-01 

316-2 

20-0* 

— 

— 

61-37* 

313-0* 

Densities  determined , 


Solvent 


I.     2-59034 


II.     5-35741 


t°. 

d. 

t°. 

d. 

17-75° 

0-88319 

II. 

17-85° 

0-88769 

21-25 

0-87941 

20-87 

0-88450 

30-50 

0-86930 

30-10 

0-87483 

Nitrobenzene. 

t". 

Density. 

o^°(170mm.). 

wy;. 

[M]';. 

i4            16-8° 

1-2016 

-3-710° 

-70-09° 

-357-5' 

28-8 

1-1898 

3-698 

70-56 

359-8 

58-1 

1-1610 

3-666 

71-68 

365-5 

20-0  *               ~ 

— 

70-06 

357-3 

H            15-3° 

1-1985 

-7-570° 

-69-36° 

-353-7 

29-8 

1-1842 

7-568 

70-18 

357-9 

44-0 

1-1704 

7-546 

70-80 

361-0 

20-0  *               — 

— 

69-54 

354-7 

Densities  determined : 

t°. 
I.         16-66° 
22-80 
32-80 


d. 

t". 

1-20187 

II. 

17-75' 

1-19579 

21-42 

1-18594 

30-65 
48-4 

*  Inter 

polated. 

d. 
1  -19594 
1-19231 
1-1833 
1-1661 


The  table  below  is  a  synopsis  of  these  data.  In  it  are  given  the 
rotation  values  (by  interpolation)  of  the  various  active  compounds 
examined  in  5  per  cent,  solutions  in  ethyl  alcohol,  benzene,  and  nitro- 
benzene. We  think  it  better  to  give  these  values  rather  than  numbers 
for  infinitely  dilute  solution,  since,  perhaps,  for  purposes  of  comparison 
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it  is  preferable  to  deal  with  concentrations  which  can  be  practically 
realised. 

Z-Menthyl  f^tartrate.  Z-Menthyl  Z-tartrate. 
Condition.  [M]f\  [M]f.  A. 

Homogeneous  -284-0°  -325-0°(?)  41-0° 

In  ethyl  alcohol  (5  percent.)...  ,305 "l  323  0  17  9 

,,  benzene                    ,,          ...  293-6  318-4  24-8 

,,  nitrobenzene           ,,          ...  246-0  380-4  134-4 

Z-Menthyl  diacetyl-  Z-Menthyl  diacetyl- 
c?-tartrate.  Z-tartrate. 

Homogeneous  -256  4°                        -359-6°  103-2° 

In  ethyl  alcohol  (5  percent.)...             268-2                             367-0  98-8 

,,   benzene                     ,,          ...             285  0                             312  9  27-9 

„  nitrobenzene            ,,          ...            238-0                           355-1  117-1 

The  chief  point  of  interest  which  we  find  in  these  data  is  that  the 
differences  between  the  rotations  of  the  corresponding  d-  and  ^-com- 
pounds, under  these  different  conditions  or  in  solution,  are  not 
constant.  Thus,  for  example,  solution  in  benzene  increases  the 
negative  rotation  of  Z-menthyl  diacetyl-fZ-tartrate  by  28-6°,  whilst  it 
diminishes  that  of  ^menthyl  diacetyl-Z-tartrate  by  46-7°,  so  that 
whereas  the  difference  in  the  rotations  of  the  homogeneous  compounds 
as  given  in  the  A-column  is  103-2°,  in  benzene  solution  it  is  only  27  9°. 
In  ethyl  alcohol  solution  the  rotations  of  both  acetyl  tartrates  are 
increased,  but  that  of  the  dextro-  to  a  greater  extent  than  that  of  the 
laevo-compound.  In  nitrobenzene  the  opposite  is  the  case :  both 
rotations  are  diminished,  that  of  the  dextro-compound  to  the  greater 
extent.  The  behaviour  in  each  of  these  three  cases  is  different,  and 
the  fourth  possibility  is  found  in  the  behaviour  of  ^menthyl  d-  and 
Z-tartrates  in  nitrobenzene,  the  rotation  of  the  former  being  diminished 
by  38°  and  that  of  the  latter  increased  by  about  55°. 

It  is  not  difficult  to  understand  this  if  we  assume  that  the  solvent 
exerts  its  influence  separately  on  each  of  the  three  active  groups  of  which 
the  molecule  is  composed,  and  that  our  measurements  represent  the 
sum  of  these  effects.  Thus  the  influence  of  a  solvent  on  the  menthyl 
part  of  ^-menthyl  diacetyl-cZ-tartrate  will  probably  be  the  same,  or 
much  the  same,  as  its  action  on  the  menthyl  radicle  of  ^-menthyl 
diacetyW-tartrate,  whilst  its  influences  on  the  tartaryl  parts  of  the 
molecules  will  probably  be  equal,  or  almost  equal,  but  in  opposite 
senses.  If,  then,  the  solvent  influence  is  represented  by  a-l-/3  in  one 
case,  it  will  be  represented  by  a  -  ^  (or  nearly)  in  the  other,  and  it  will 
depend  on  the  relative  magnitudes  of  a  and  ft  for  different  solvents 
which  of  the  four  possible  cases  exemplified  above  shall  occur. 

It  is  also  possible  to  trace  other  approximately  additive  phenomena 
somewhat  similar  to  those  discussed  in  Part  I.  (pp.  38,  39)  when  we 
consider  the  change  of  rotation  of  these  compounds  with  variation  of 


f. 

[M]^- 

100° 

-227-6" 

0 

266-8 
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temperature.     The  numbers  for  menthyl   diacetyl  d-  and  ^-tartrates 
at  100°  and  0°  are  the  following  : 

Z-Menthyl  Z-Menthyl 

diacetyl-c?-tartrate.  diacetyl-Z-tartrate. 

A.  "[M]';  A. 

The  rotation  of  the  c?-tartrate  is  diminished  (that  is,  becomes  less 
negative)  by  39-2°  on  heating  from  0°  to  100°.  This  corresponds 
with  the  behaviour  of  ethyl  diacetyl-c?-tartrate  the  positive  rotation 
of  which  increases  on  heating  (Patterson  and  McCrae,  Trans., 
1900,  77,  1098).  The  rotation  of  the  /-menthyl  diacetyW-tartrate,  on 
the  other  hand,  increases  by  27-8°  (that  is,  becomes  more  negative). 
Since  these  changes  are  in  opposite  directions  it  seems  reasonable  to 
suppose  that  they  are  chiefly  due  to  those  parts  of  the  molecules  which 
are  of  opposite  configurations,  namely,  the  acetyl-tartaryl  radicles,  and 
that  the  numerical  difference  between  them,  11-4°,  represents  twice  the 
change  of  rotation  of  two  menthyl  radicles  attached  to  an  acetyl- 
tartaryl  radicle  on  heating  from  0°  to  100°,  Thus,  of  the  total  change 
in  rotation  (39'2°)  of  the  dextro-compound,  -1-33-5°  are  due  to  the 
acetyl-c^-tartaryl  part  of  the  molecule,  and  -\-  2*85°  to  each  of  the 
menthyl  radicles,  all  these  changes  being  in  the  same  direction,  whilst 
in  the  Isevo-compound  the  total  change  of  rotation  (  -  27'8)  is  made  up 
of  -  33-5,  due  to  the  acetyl-^tartaryl  group,  and  -f-5-7°,  due  to  the  two 
menthyl  groups. 

The  independent  effect  of  each  active  group  in  the  molecule  seems, 
therefore,  to  be,  at  least  roughly,  traceable,  although,  of  course,  the 
above  argument  ignores  the  possibility  that  the  change  in  rotation  of, 
say,  a  menthyl  radicle  might  be  different  according  to  whether  it  were 
combined  with  a  d-  or  Z-acetyl-tartaryl  group.  It  is  likely,  however, 
that  such  an  influence  would  be  slight,  which  is  borne  out  to  some 
extent  by  the  fact  that  the  change  deduced  above  for  a  menthyl 
radicle  attached  to  an  acetyl-tartaryl  group  (2-85°)  is  in  fair  agree- 
ment with  that  actually  observed  in  ^menthyl  acetate  (2-3°)  which  was 
discussed  in  Part  I,  (Trans.,  1905,  87,  38). 

We  arrive  at  a  somewhat  similar  conclusion  from  an  examination  of 
the  variation  of  density  of  these  compounds  with  change  of  tempera- 
ture which  the  following  data  exhibit. 
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^Mentllyl  rf-tartrate.  Z-Meuthyl  Z-taitrate. 

t°.  Density.  A.  Density.  A. 

70°  1-0152  „.„„,-  10040  ^.„„,„ 

150  0-9535  ^^^^^  0-9430  ^  ^^^° 

MVIenthyl  Z-Menthyl 

diacetyl-fZ-tartrate.  diacetyl-^tartrate. 

70°  1-0202  n-c\RAn  I'OllS  ^.^..^ 

150  0-9562  ^^^^^  0-9477  ^  ^^^^ 

It  will  be  seen  from  these  numbers  that  the  change  of  density  due 
to  rise  of  temperature  from  70°  to  150°  has  almost  the  same  value  for 
the  two  simple  tartrates,  namely,  0-0610  and  0-0617,  and  that  the  same 
holds  for  the  acetyl  derivatives  for  which  the  changes  are  00641  and^ 
00640,  but  the  change  for  either  of  the  simple  tartrates  is  quite 
different  from  that  for  an  acetyl  derivative,  compare  for  example 
0-0610  and  00641. 

From  this  we  may  conclude  that  the  ^-menthyl  group  expands  to  the 
same  extent  on  heating,  whether  it  be  combined  with  a  d-  or  a 
^-tartaryl  radicle,  and  that  the  latter  groups  also  expand  to  the  same 
extent  when  combined  with  an  Z-menthyl  radicle.  All  these  changes 
must  of  course  be  in  the  same  sense,  and  differ  in  this  respect  from 
the  corresponding  rotation  changes. 

So  far  we  have  dealt  with  variation  of  density ;  we  may  now  con- 
sider the  actual  densities  of  the  substances  examined.  Taking  values 
at  100°  we  have 

Substance.  Density.       A.  Substance.  Density.       A. 

^Mentliylci?- tartrate  0  9922     r..n-,-,-i      Z-Menthyl  diacetyl-cJ- tartrate  0-9962    f,  nnsf; 
Z-ileuthyU-tartrate  0-9811     ^  ^^^^      i-Menthyldiacetyl-Z-tartrate   0-9877     "  """^ 

Between  the  densities  of  the  simple  esters  there  is  a  difference 
of  0*0111,  and  between  those  of  the  acetyl  derivatives  a  difference 
of  0-0085. 

On  the  other  hand,  the  difference  in  density  between  Z-menthyl  c?-tar- 
trate  and  Z-menthyl  diacetyl-f?-tartrate  is  only  0-0040,  whilst  the 
difference  in  density  between  the  corresponding  Isevo-compounds  is 
0*0066.  Thus  t/iere  is  a  greater  difference  in  density  between  the  two 
simple  tartrates  than  exists  between  one  of  these  and  its  acetyl  derivative. 
The  difference  in  density  caused  by  mere  spatial  change  of  the  groups 
composing  the  molecules  is  distinctly  greater  in  both  cases  than  that 
due  to  a  considerable  difference  of  chemical  composition. 

This  difference  between  two  compounds  which  differ  only  spatially 
is  perhaps  shown  more  clearly  in  their  molecular  volumes. 

Substance.  M.V.'"«°.  A. 

Z-Menthyl  rf-tartrate    429-3  c.c.  ..„ 

Z-Menthyl  Z-tartrate    434-2     ,,  4  y  c.c. 


Z-Menthyl  diacetyl-<Z-tartrate 512-0  c.c. 

Z-Menthyl  diacetyl-Z-tartrate  516*4     ,, 


4-4  c.c 


1898 
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The  volume  change  due  to  re-arrangement  is  greater  in  the  smaller 
than  in  the  larger  molecule. 

We  have  also  calculated,  from  our  density  determinations,  values  for 
the  solution  volumes  of  these  two  compounds  in  the  various  solvents 
used.  We  should  mention,  however,  that  owing  to  scarcity  of  material 
the  data  were  obtained  (except  in  the  case  of  /-menthyl  diacetyl- 
^-tartrate  in  nitrobenzene)  with  a  pyknometer  having  a  capacity  of 
only  7  c.c.  The  values  for  M.S.V.  are  therefore  probably  not  so 
accurate  as  those  formerly  given  for  the  corresponding  derivatives  of 
c?-tartaric  acid.  The  values,  at  both  concentrations  examined,  for  the 
diacetyl-?-tartrate  in  ethyl  alcohol  and  benzene  agree  fairly  closely  and 
therefore  confirm  each  other.  The  values  for  the  same  substance  in 
nitrobenzene  are  the  most  reliable  of  all,  having  been  obtained  with 
a  larger  pyknometer. 


Molecular  Solution  Volumes. 
Z-Menthyl  ^-tartrate,  [M]|?"  =  325°  (1).     M. V.-«°  =  426/1  -042  =  408-9  c.c. 


Solvent. 

P- 

d. 

M.S.V.2»°. 

[M]^"'. 

Ethyl  alcohoKS  2074°  =  0-79045)  .. 

.     2-41729 
7-05393 

0-79577 
0-80393 

389-8*  c.c. 
410-8      „ 

-324-0 
322-2 

Benzene  (5  2074°  =  0-87784)    

.     2-73118 
5-39447 

0-88053 
0 '88364 

431-0    c.c. 
426-2      ,, 

-312-4 
319-2 

Nitrobenzene  (5  2074°  =  1-20319)   .. 

1-98411 
5-34773 

1-19864 
1-19095 

380-6*  c.c. 
422-1      „ 

-379-2' 
380-5 

*  These  values  are 

Joubtful. 

Z-Menthyl  diacetylUartrate,  [M.]^  =    -359-6°. 
M.V.-"°  =  510/1-0518  =  484-9  c.c. 


Ethyl  alcohol    3 

5 

Benzene 2 

5 

Nitrobenzene    2 

5 


9479 
80053 

•06209 
•21901 

59034 
35741 


d. 

0-79887 
0-80252 

0-88076 
0-88542 

1-19856 
1-19371 


M.S.V.  20. 

472-9  c.c. 
477-9    ,, 

487-5  c.c. 
485-7    ,, 

487-1  c.c. 
486-7    „ 


[M]f. 

-368-2° 
366-0 

-312-0" 
313-0 

-357-3° 
354-7 


These  numbers  do  not  exhibit  any  simple  relationship  between  solu- 
tion volume  and  rotation,  but  from  the  table  below  it  will  be  observed 
that  in  all  cases  except  one  the  volume  of  the  ^-tartrate  in  solution  is 
greater  than  that  of  the  (i-tartrate,  which  is,  as  has  already  been 
remarked,  also  the  case  for  the  compounds  in  the  homogeneous  state. 
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Z-Menthyl  Z-tartratc.  Z-JIentliyl  rZ-tavtrate.  * 

. ^ s  . '—' ^ 

Solvent.  p.         M.S.V.-T  p.         il.S.V.so'.  A. 

Ethyl  alcohol I'l         410-8  c.c.  7-9         398-3  c.c.  +12-5  c.c. 

Benzene S'-i         426-2    ,,  7-4         409-5    ,,  +16-7    ,, 

Nitrobenzene 5-3         422-1    ,,  6 '5         408-2    ,,  +13-9    ,, 

Z-Menthyl  Z-Menthyl 

diacetyl-Z-tartrate.  diacetyl-rf-tartrate. 

Ethylalcohol 5-8        477-9  c.c.  7-3        480-0  c.c.  -21  c.c. 

Benzene  5-2         485-7    ,,  7-8         4825    ,,  +3-2    „ 

Nitrobenzene 5-4         486-7    ,,  6-3         483-0    ,,  +37    „ 

*  Trans.,  1905,  87,  124—126. 

That  the  molecular  volumes  or  molecular  solution- volumes  of  partial 

enantiomorphs,    like    those    we    have   been    dealing    with,    should   be 

different  is  by  no  means  remarkable.     It  is  merely  in  agreement  with 

the  very  well-known  fact  that  the  solubility  of  compounds  such,  for 

instance,    as    ciuchonine-tZ-   and    ^-tartrate    or   mannose,  glucose   and 

galactose  is  different,  and   it  is   further  in  agreement  with  the  fact 

that  such  substances  differ  also  in  melting  point.     The  melting  points 

of  the  substances  examined  in  this  investigation,  for  example,  ai-e  as 

follows  : — 

f   84'5°  * 
Z-Menthyl  (Z- tartrate 74 — 75  Z-Menthyl  diacetyl-rf-tartrate... -^  igQ-o 

Z-Menthyl  Z-tartrate 42  Z-Menthyl  diacetyl-Z-tartrate ...     102-5 

*  The  substance  is  dimorphous. 

From  the  fact  that  when  an  active  group  Ai  combines  respectively 
with  two  other  enantiomorphic  groups,  Ba  and  Bi,  the  changes  in  the 
reacting  groups,  which  accompany  combination,  are  not  the  same  in 
the  two  cases,  since  the  melting  points,  solubility  and  density  of  the 
resulting  substances  are  different,  and,  in  spite  of  the  fact  that,  on  the 
other  hand,  the  variation  of  volume  and,  so  far  as  we  can  judge,  the 
variation  of  rotation  of  the  group  Ai,  with  change  of  temperature 
seem  to  be  independent  of  the  configuration  of  the  other  group  with 
which  it  is  combined,  it  is  scarcely  to  be  expected  that  the  rotation  of 
such  paitially  enantiomorphic  substances  should  be  a  purely  additive 
property. 

As  has  been  said,  however,  there  exist  no  unimpeachable  data  to 
settle  the  question,  but  we  hope  with  the  next  part  of  this  investigation 
to  produce  some  evidence  of  a  decisive  character. 

It  gives  us  pleasure,  in  conclusion,  to  acknowledge  our  indebtedness 
to  the  Research  Fund  Committees  of  the  Chemical  Society  and  of 
the  Koyal  Society  for  grants  which  defrayed  the  expenses  of  this 
investigation. 

The  Univkiwity, 
Gl.vsoow. 
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CLXXXIV. — The  Interaction  of  the  Alkylsulphates  with 
the  Nitrites  of  the  Alkali  Metals  and  Metals  of 
the  Alkaline  Earths. 

By  Prafulla  Chandra  Ray  and  Panchanan  Neogi,  M.A. 

As  silver  nitrite  by  its  interaction  with  the  alkyl  iodides  yields  a 
nitro-compound  as  well  as  an  ester,  it  has  often  been  taken  for 
granted  that  this  nitrite  has  a  twofold  constitution,  namely,  nitronic 
and  oxylic.  Evidence  has  already  been  adduced  in  favour  of  the  latter 
structure  (Ray  and  Gafiguli,  Proc,  1905,  21,  278),  which  Dr.  Divers 
is  inclined  to  accept  as  fairly  conclusive  {ibid.,  p.  281).  It  seemed 
to  us  that  further  light  would  be  thrown  on  the  question  by 
studying  the  reaction  between  the  alkylsulphates  and  the  alkali 
nitrites,  as  the  latter  have  always  been  supposed  to  have  the  oxylic 
constitution. 

Experimental. 

I.     Potassium   ^thylsulphate   and   /Sodium    Nitrite. 

Lauterbach  has  published  a  brief  note  on  the  subject  (Ber.,  1878, 
11,  1225),  but  a  systematic  investigation  seemed  desirable,  especially 
as  this  chemist  contented  himself  with  demonstrating  the  formation 
of  ethyl  nitrite  by  its  odour  and  inflammability,  and  also  in  view  of 
the  additional  interest  lent  to  the  subject  by  Wade's  fruitful  research 
on  the  interaction  between  the  alkylsulphates  and  potassium  cyanide 
(Trans.,  1902,  81,  1596). 

Dried  and  powdered  potassium  ethylsulphate  and  sodium  nitrite 
were  mixed  in  molecular  proportions  in  a  glass  retort,  to  the  neck 
of  which  was  attached  an  inverted  condenser.  The  upper  end  of 
the  condenser  was  connected  with  a  bulb  provided  with  stop-cocks 
at  both  ends  and  three  absorption  bottles  containing  90  per  cent, 
alcohol.  As  the  temperature  of  the  laboratory  was  about  30°,  the 
entire  condensation  and  absorption  apparatus  was  immersed  in  ice- 
cold  water.  It  will  be  seen  below  that  even  this  arrangement 
failed  to  condense  the  whole  of  the  ethyl  nitrite,  as  during  the 
reaction  a  constant  stream  of  nitric  oxide  was  evolved,  which  carried 
off  a  considerable  amount  of  it.  For  the  same  reason  the  air  was 
expelled  by  a  slow  stream  of  carbon  dioxide.  The  retort  was 
heated  in  a  glycerol  bath.  The  reaction,  which  commences  at  145°, 
is  indicated  by  frothing,  which  slowly  extends  towards  the  centre  from 
the  peripheral  regions.  When  the  reaction  once  begins  it  proceeds 
continually,  even  when  the  temperature  sinks  so  low  as  110°. 
After  a    certain    interval,  the    action    becomes    very    violent    and    a 
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sudden  and  vigorous  evolution  of  white  vapours  takes  place.  The 
reaction  then  moderates,  effervescence  ceases,  and  the  mass  has  the 
appearance  of  tranquil  fusion.  The  digestion  lasts  from  two  and  a 
half  to  three  houi's. 

(a)  Ethyl    Nitrite. 

Although  it  is  "  dry  "  ethylsulphate  which  is  heated,  much  alcohol 
^  is  given  off  at  the  temperature  at  which  the  reaction  takes  place 
(compare  Wade,  loc.  cit.).  A  portion  of  this  alcohol  is  carried  off  and 
condensed  with  ethyl  nitrite  in  the  bulb.  The  alcoholic  solution  of 
the  ethyl  nitrite  in  the  bulb,  as  also  in  the  absorption  bottles,  was 
estimated  according  to  the  method  prescribed  in  the  British 
Pharmacopoeia.  As  will  be  shown  below,  the  result  is  somewhat  too 
low  owing  to  the  fact  that  a  part  of  the  nitrite  escapes  condensation, 
being  carried  off  with  the  stream  of  nitric  oxide  and  carbon  dioxide. 

(b)  Nitroethane. 

The  nitroethane  was  now  distilled  off,  using  a  small  condenser,  the 
distillation  being  continued  as  long  as  oily  drops  appeared.  The  dis- 
tillate was  shaken  up  with  brine  and  the  oily  layer  separated,  washed 
with  water,  and  dried  over  calcium  chloride.  Considerable  difficulty 
was  experienced  here,  as  it  was  found  that  calcium  chloride  forms 
with  the  "  oil  "  a  kind  of  emulsion.  When  our  work  was  at  this  stage. 
Wade's  paper  on  "  The  Influence  of  Water  and  Alcohols  on  the  Boiling 
Point  of  Esters"  (Trans.,  1905,  87,  1656)  appeared,  which  materially 
helped  us.  Fused  sodium  sulphate  was  used  as  the  dehydrating 
agent,  as  potassium  carbonate  acts  on  nitroethane.  When  the  "oil  " 
was  subjected  to  distillation,  curious  and  anomalous  behaviour  was 
noticed.  A  considerable  amount  passed  over  below  100°  ;  only  a  small 
fraction  could  be  collected  at  a  constant  boiling  point  between  110° 
and  118°,  whilst  a  minute  quantity  came  over  between  150°  and  160° 
and  the  residue  charred.  As  pointed  out  by  Wade  (loc.  cit.,  1668),  an 
ethereal  liquid  containing  alcohol,  when  shaken  up  with  brine,  does 
not  give  up  its  alcohol,  but,  on  the  contrary,  "  shares  its  alcohol  with 
it."  The  fraction  below  100°  answered  to  all  the  well-known  tests  of 
nitroethane,  namely,  it  solidified  completely  on  the  addition  of 
alcoholic  sodium  hydroxide,  and  the  aqueous  solution  of  the  sodium 
compound  gave  with  ferric  chloride  a  red  coloration,  and  with  copper 
sulphate  a  green  precipitate.  Obviously  the  quantity  of  nitroethane 
formed  cannot  be  determined  by  fractionation.*     Known  mixtures  of 

*  A  mixture  made  up  of  5  c.c.  of  alcohol  and  5  c.c.  of  nitroethane,  when  shaken 
up  with  biine  and  dried  over  fused  sodium  sulphate,  gave  61  c.c.  of  "oil"  which, 
on  fractionation,  gave  4'5  c.c.  distilling  between  75°  and  100°  and  only  1'3  c.c. 
between  100°  and  115°. 

()  1   2 
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nitroethane  and  alcohol  wei'e  treated  with  alcoholic  sodium  hydroxide, 
the  precipitate  washed  with  absolute  alcohol  and  ultimately  converted 
into  sodium  sulphate  and  weighed  as  such  ;  but  the  results  turned  out 
to  be  too  low.  Consequently  the  nitrogen  in  an  aliquot  poi-tion 
of  the  liquid  was  estimated  according  to  Daoias'  method,  and  from  it 
the  amount  of  nitroethane  in  the  mixture  deduced.  The  fraction 
between  110°  and  118°  was  nearly  pure  nitroethane.  The  results  of 
3  experiments  out  of  27  are  given  below,  3 2 '8  grams  of  potassium 
ethylsulphate    and   1 4  grams  of    sodium  nitrite  being  taken  in  each 

case. 

Weight  of  ethyl  nitrite        Weight  of  nitroethane 
No.  of  experiment.  in  grams.  iu  grams. 

1  2-3  1-3 

2  3-2  1-0 

3  2-0  1-3 

As  has  been  already  explained,  some  of  the  ethyl  nitrite  is  invariably 
lost,  and  the  figures  for  nitroethane  are  also  a  little  too  low,  as  quite 
an  appreciable  quantity  of  it  remains  mixed  with  the  liquid  of  higher 
boiling  point  (see  below).  The  yield  of  nitroethane  is  6  to  8  per  cent, 
of  that  which  is  theoretically  possible. 

(c)  Liquid  of  Higher  Boiling  Point. 

The  fraction  which  distilled  at  150 — 160°  was  very  small,  and  not 
more  than0"15  gram  could  be  recovered  in  each  experiment.  In  order 
to  study  its  nature  and  properties,  the  distillates  from  several 
preparations  were  mixed,  and  the  crude  "  oil,"  after  being  treated  with 
brine  and  fused  sodium  sulphate  as  above,  was  subjected  to  fractional 
distillation  under  diminished  pressure  in  Briihl's  apparatus.  Four 
fractions  were  collected,  namely,  40 — 60°,  60 — 65°,  65 — 125°,  and 
125 — 130°,  the  distillation  taking  place  under  a  pressure  of  130  mm. 
The  ranges  of  temperature  recorded  above  are  only  approximate ;  in 
fact,  the  liquid  gave  evidence  of  the  properties  of  a  homogeneous 
ternary  mixture  (compare  Wade,  loo.  cit.).  Blank  experiments 
showed  that  pure  nitroethane  distilled  at  63 — 65°  under  the  above 
pressure,  so  that  the  second  fraction  was  nearly  pure  nitroethane.  The 
fraction  125 — 130°  proved  to  be  a-nitro-?i-butane  with  traces  of  a 
compound  of  a  still  higher  boiling  point.  The  analyses  of  two 
typical  samples  of  different  preparations  are  given  below  : 

I.     C  =  47-06  ;  H  =  823  ;  N  =  14-10. 
IL*  C  =  46-06;  H  =  6  60;  N  =  13-85. 
C4H9O2N  requires  0  =  4660;  H  =  8-73;  N  =  13-60  per  cent. 

*  This  represents  a  fraction  which  distilled  at  150 — 160°  under  the  ordinary 
pressure. 
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The  vapour  density  of  the  liquid  was  found  by  Hofmann's  method 
to  be  50"4,  that  required  by  nitrobatane  being  51 '50.  That  it  has 
this  constitution  is  evident  from  the  fact  that  its  boiling  point  was 
about  150°,  and  it  gave  with  alcoholic  sodium  hydroxide  the 
characteristic  precipitate  and  with  potassium  hydroxide,  on  standing,  a 
yellow  deposit.     It  also  responded  to  the  nitrolic  acid  test. 

II.  Potassium  Etliylsulphate  and  Potassium  Nitrite. 

The  conditions  of  the  experiment  were  similar  to  those  previously 
desci'ibed.  The  mass  fused  at  a  much  higher  temperature,  namely,  at 
about  165°,  and  the  reaction  proceeded  without  the  aid  of  heat ;  white 
fumes  and  nitric  oxide  were  evolved.  The  yield  of  nitroethane  was 
much  less  than  in  the  former  experiment. 

Expt.  1. — 32 "8  grams  of  potassium  ethylsulphate  and  17  grams  of 
potassium  nitrite  gave  1"5  grams  of  ethyl  nitrite  and  0  8  gram  of 
nitroethane.  In  this  case  also  nitrobutane  was  formed,  as  will  be  seen 
below. 

Expt.  2. — 164  grams  of  potassium  ethylsulphate  and  85  grams  of 
potassium  nitrite  yielded  8*5  c.c.  of  "oil"  which  on  distillation  under 
the  ordinary  pressure  gave  70 — 100°,  5'0  c.c;  100 — 150°,  1-5  c.c;  and 
150—160°,  0-5  cc 

III.  Barium  Ethylsulphate  and  Barium  Nitrite. 

Barium  ethylsulphate  crystallises  with  2  molecules  of  water,  and  is 
completely  dehydrated  when  kept  for  a  few  days  over  sulphuric  acid 
under  diminished  pressure  (see  analysis  given  below),  whilst  the 
nitrite  still  retains  some  water  (Ray,  Trans.,  1905,  87,  177).  The 
anhydrous  alkylsulphate  and  the  nitrite  were  mixed  in  equimolecular 
proportions.  The  mass  did  not  fuse  and  froth  up,  even  when  the 
temperature  of  the  bath  was  raised  to  1 90°.  A  distillate  passed  over 
which  was  mainly  alcohol.  With  the  hydrated  salts,  however,  fusion 
commenced  at  120°,  but  the  action  suddenly  became  violent  at  about 
130°,  and  white  fumes  were  evolved  with  violence.  The  yield  of 
nitroethane  was  very  poor,  and  only  a  few  drops  could  be  collected, 
which,  however,  answered  to  all  the  tests  of  this  compound. 

IV.  Calcium  Ethylsulphate  and  Calcium  Nitrite. 

Calcium  ethylsulphate,  which  also  crystallises  with  2  molecules  of 
water,  is  completely  dehydrated,  like  the  barium  salt,  when  kept  over 
sulphuric  acid  under  diminished  pressure.  The  anhydrous  salt  mixed 
with  dehydrated  calcium  nitrite  in  equimolecular  proportions  does  not 
fuse    on    heating,   but  simply  decomposes    when    the  temperature  is 
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sufl&ciently  raised.  The  hydrated  salts  were  therefore  used.  The 
mixture  fused  at  116°,  but  at  about  125°  torrents  of  white  fumes  were 
evolved.  The  yield  of  nitroethane  was  agiin  very  poor,  the  last  drops 
of  the  distillate  responding  to  the  reactions  for  this  substance. 


V.  Sodium  Ethylsulphate  and  Sodium  Nitrite. 

In  the  hope  of  obtaining  better  yields  of  nitroethane,  the  sodium 
salt  was  next  tried.  It  crystallises  with  1  molecule  of  water,  which 
may  be  removed  when  kept  under  diminished  pressure  over  sulphuric 
acid  (see  analysis  given  below).  The  anhydrous  salt  did  not  fuse  with 
sodium  uitrite,  even  when  the  temperature  was  raised  to  195°.  The 
hydrated  salt,  however,  when  similarly  treated,  began  to  fuse  at  so  low 
a  temperature  as  80°,  and  the  action,  once  begun,  proceeded  of  itself  as 
in  the  case  of  the  potassium  salt.  The  temperature  of  the  bath  was 
not  allowed  to  rise  above  120°.  The  sudden  evolution  of  white  fumes 
was  never  noticed.  As  the  reaction  takes  place  at  a  much  lower 
temperature,  it  gave  a  better  yield  of  nitroethane,  and,  moreover,  the 
liquid  having  a  higher  boiling  point  was  not  formed.  The  results  of 
the  two  experiments  are  given  below,  33 '2  grams  of  sodium  ethyl- 
sulphate  and  13-8  grams  of  sodium  nitrite  being  taken  in  each  case. 

Expt.  1  gave  0"6  gram  of  ethyl  nitrite  and  2  2  grams  of  nitro- 
ethane. Expt.  2  gave  0"9  gram  of  ethyl  nitrite  and  2*0  grams  of 
nitroethane.  The  yield  of  nitroethane  is  thus  as  much  as  13  per  cent, 
of  the  theoretical,  whilst  it  is  only  about  6  to  8  per  cent,  when  the 
potassium  salt  is  used. 

VI.   Sodium  Ethylsulphate  and  Potassium  Nitrite. 

This  reaction  began  with  frothing  at  a  higher  temperature  than  that 
in  Y,  namely,  at  120°  when  the  hydrated  talt  was  used,  there  being  no 
fusion  with  the  anhydrous  salt.  There  was,  again,  no  evolution  of 
white  fumes,  and  the  reaction  proceeded  of  itself  when  once  started, 
nitrobvitane  not  being  formed.  The  yield  of  nitroethane  is,  how- 
ever, much  less,  being  almost  equal  to  that  obtained  from  potassium 
ethylsulphate  and  sodium  nitrite.  33-2  grams  of  sodium  ethylsulphate 
and  17  grams  of  potassium  nitrite  gave  0'9  gram  of  ethyl  nitrite  and 
1  '3  grams  of  nitroethane. 

Conclusion. 

The  formation  of  nitrobutane,  as  noticed  in  I  and  II,  is  remarkable, 
and  it  is  always  associated  with  vigorous  evolution  of  white  fumes. 
Moreover,  the  interaction  of  sodium  ethylsulphate  and  sodium  nitrite, 
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which  takes  place  at  a  much  lower  temperature,  does  not  give  rise  to 
this  compound.  This  mode  of  ascent  in  the  homologous  series  does  not 
admit  of  an  easy  explanation.  The  alcohol  which  was  used  in  the 
present  investigation  was  proved  to  be  free  from  impurities.  It  was 
rectified  over  quicklime  and  had  a  constant  boiling  point  (78°).  The 
analyses  of  the  various  alkylsulphates  ai-e  given  below.* 

The  argument  in  favour  of  the  twofold  constitution  of  silver  nitrite 
simply  because  it  yields  with  ethyl  iodide  both  ethyl  nitrite  and  nitro- 
ethane  is  scarcely  tenable.  The  alkali  nitrites  have  the  constitution 
MO'NO,  where  M  repx'esents  the  atom  of  the  metal,  in  other  words,  the 
nitrogen  is  not  directly  attached  to  it.  Hence  we  should  have  only 
expected  the  production  of  ethyl  nitrite  in  the  present  series  of  experi- 
ments, but  its  formation  is  always  accompanied  with  that  of  its 
isomeride.  The  more  correct  view  would  seem  to  be  that  it  is  only  during 
the  substitution  of  the  atom  of  the  metal  by  the  alkyl  radicle  that  a 
tautomeric  change  takes  place,  t 


Summary, 

From  the  foregoing  investigation,  it  would  appear  that  by  the  intei- 
action  of  the  sodium,  potassium,  barium,  and  calcium  salts  of  ethyl- 
sulphuric  acid  and  the  nitrites  of  the  alkali  metals  and  metals  of  the 
alkaline  earths,  both  ethyl  nitrite  and  nitroethane  are  formed.  In  the 
case  of  the  potassium  ethylsulphate  and  potassium  or  sodium  nitrite 
gmall  quantities  of  nitrobutane  are  also  obtained. 

Presidency  College, 
Calcutta. 

•  (C2HBS04)2Ba,2H20.     Ba,  found  32-79;  calculated  32-70. 
(C2H5S04)2Ba.     Ba,  found  36-01  and  35-88  ;  calculated  35-77. 
CjHgNaSOj.HaO.     Na,  found  13-70  ;  calculated  13-85. 
C„H5NaS04.     Na,  found  15-72  ;  calculated  15-54  per  cent. 
t  Whether  the  hypothesis  of  tautomerism  is  adequate  oi-  not,  there  is  evidently 
much  force  in  what  Wade  urges  :  "It  does  not  follow,  for  example,  that  because 
silver  cyanate  and  nitrite  yield  alkyhsocyanates  and  nitro-compounds  respectively, 
the  metal  is  necessarily  linked  to  nitrogen  ;  it  may  equally  be  linked  to  oxygen  " 
{loc.  cit.,  p.  1612). 
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CLXXXV. — The  Formation  and  Reactions  of  Iniino- com- 
pounds. Part  IT.  Condensation  of  Benzyl  Cya^iide 
Leading  to  the  Formation  of  1  :  2>-Naphthylenedi- 
amine  and  its  Derivatives. 

By  Ernest  Francis  Joseph  Atkinson  and  Jocelyn  Field  Thorpe. 

The   Condensation  of  Benzyl  Cyanide  with   the   S'odittm  Derivative  of 
Ethyl  Cyanoacetate. 

In  Part  I.  of  this  series  it  was  pointed  out  by  Baron,  Remfry,  and 
Thorpe  (Trans.,  1904,  85,  1726)  that  ethyl  cyanoacetate  readily 
reacted  with  its  sodium  derivative,  forming  ethyl  ^-imino-a-cyano- 
glutarate,  and  that  the  reaction  evidently  proceeded  according  to  the 
equation  * 

CO^Ef^HNa   ^   HCH(CK)-CO.,Et  -^ 

CN 

CO„Et-CHNa 


C(:NH)-CH(CN)-C02Ef 


It  was  also  pointed  out  that,  on  treatment  with  concentrated  sulphuric 
acid,  ethyl  /S-imino-a-cyanoglutarate  (1)  is  quantitatively  converted 
into  ethyl  glutazinecarboxylate  (2). 

c:nh  c:nh  c:nh 


CH2    Cn-CO.Et  _^    ^^^       l^^'"'^^^^  ^_    CH,    CH-CO.Et: 

CO      CN        "  \/  Co'    CN 

I  ISH  I 

OEt  OH 

(1.)  (2.)  (3.) 

The  tendency  for  the  straight  chain  compound   to  pass  into  the 

*  Subsequent  experiments  have  shown  that  this  view  of  the  coiu'se  of  the  conden- 
sation, which  M'as  based  on  the  position  of  the  sodium  atom  in  the  condensation 
product,  is  not  quite  correct,  and  that  it  is  the  reactive  hydrogen  atom  of  the  sodium 
derivative  which  forms  the  imino-group.  The  course  of  the  action  is  therefore  best 
represented  by  the  equation  : 

COaEfCH  COaEfCHa 

I      +  HCNa(CN)CO.,Et        -^  I 

CN  C(:NH)-CNa(CN)COoEt 

The  change  in  the  position  of  the  sodium  atom  must  be  attributed  to  the  mora 
strongly  acidic  character  of  the  hydrogen  of  the  methylene  group. 
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pyridine  ring,  which  is  indicated  by  this  reaction,  was  still  more 
strongly  shown  by  the  behaviour  of  ethyl  hydrogen  ^-imino-a-cyano- 
glutarate  (3),  which  was  found  to  undergo  conversion  into  ethyl 
glutazinecarboxylate  (2)  on  being  heated  a  few  degrees  above  its 
melting  point  {loc.  cit.,  1746).  Thei'e  seemed  to  be,  therefore,  a  con- 
siderable tendency  for  a  nitrile  group  in  the  y-position  to  a  carboxyl 
group  in  a  compound  such  as  ethyl  hydrogen  ^-imino-a-cyanoglutarate 
to  pass,  by  intermolecular  change  with  that  group,  into  a  six- 
membered  ring,  and  that  this  tendency  is  also  shown  by  the  cor- 
responding /8-ketonic  derivatives  was  demonstrated  by  the  conversion 
of  ethyl  hydiogen  cyanoacetonedicarboxylate  (4)  into  ethyl  2:4:6- 
trioxypyridine-3-carboxylate  (5),  on  heating  a  few  degrees  above  its 
melting  point. 

CO  CO 


CH/    \CH-CO.^Et  CH/    ^CH-COgEt 

~^        col    ico 


CO  CN 

OH  NH 

(4.)  (5.) 

Whilst  desiring  to  continue  the  investigation  of  the  conditions  of 
formation  of  these  imino-compounds,  we  wished  at  the  same  time 
to  ascertain  whether  the  tendency  of  the  nitrile  group  to  enter 
into  ring  formation  might  not  be  applied  to  the  formation  of  carbon 
rings  as  well  as  those  containing  nitrogen,  and  with  this  object 
in  view  and  for  other  reasons  which  will  be  given  later,  we  have 
investigated  the  condensation  of  benzyl  cyanide  with  the  sodium  com- 
pound of  ethyl  cyanoacetate  and  also  with  its  own  sodium  derivative. 

It  is  apparent  that  the  most  probable  course  of  the  first  reaction 
would  be  represented  by  the  equation  (I),  and  that  the  product  on 
acidifying  Avould  be  ethyl  /8-imino-a-cyano-y-phenyl-?i-butyrate  (6). 

Ph-CR 

(I)         Am'    +    HCNa(CN)-C02Et  -^ 


CN 


6:(NH).CNa(CN).C0,Ef  "^  C:(NH)CH(CN) 


COoEt 


(6.) 


But  it  is  also  possible  that  the  sodium  derivative  of  ethyl  cyano- 
acetate might  react  with  lienzyl  cyanide,  forming  the  sodium 
derivative  of  the  latter,  in  which  case  the  course  of  the  condensation 
would  be  represented  by  equation  (II),  and  on  acidifying  ethyl  )8-imino- 
yy-cyanophenyl-w-butyrate  (7)  would  be  the  chief  px^oduct. 
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(11)  ^^^^^'V^2    +    HCNa(CN)Ph    -^ 

C02EfCH2  _       COoEt-CHa 

C:(NH)-CNa(CN)Ph       ^        ^      C:{NH)-OH(CN)Ph 

(7.) 

Under  conditions  given  in  the  experimental  portion  of  this  paper,  a 
good  yield  of  a  well-defined  crystalline  compound  (m.  p.  125°)  is  formed 
on  condensing  benzyl  cyanide  with  ethyl  sodiocyanoacetate,  and  there 
can  be  no  doubt  that  its  constitution  is  represented  by  formula  (6), 
although,  under  certain  experimental  conditions,  there  is  evidence 
that  a  compound  of  formula  (7)  also  occurs  as  an  intermediate 
product. 

In  Part  I.  of  this  series  (p.  1728),  it  was  shown  that  )8-imino-ethyl 
salts  are  decomposed  on  treatment  with  alkaline  hydrolytic  agents 
and  that  the  products  formed,  which  are  the  same  as  those  derived  by 
the  alkaline  hydrolysis  of  the  corresponding  y8-keto-ethyl  salts,  often 
afford  valuable  evidence  as  to  the  formula  of  the  compound  hydro- 
lysed.  It  is  apparent,  however,  that  this  method  fails  when  applied 
to  two  compounds  of  formulae  (6)  and  (7),  since  these  two  substances 
would  yield  the  same  products,  namely,  a  mixtui'e  of  malonic  and 
phenylacetic  acids,  on  complete  hydrolysis,  thus  : 


CH2Ph-C:(NH) 


CH(CN)Ph 


iCH(CN)C02Et    C02Et-CH2-C:(NH)- 
(6.)  (7.) 

CH2Ph-C02H     CH2(C02H)2  CH2(C02H)2     CH.Ph-COjH. 

The  compound  melting  at  125°  is  readily  hydrolysed  by  means  of 
an  alcoholic  solution  of  potash,  and  the  product  consists  of  about 
equal  proportions  of  malonic  and  phenylacetic  acids.  Although  by 
this  means,  therefore,  it  is  not  possible  to  distinguish  between  the  two 
formulae  (6)  and  (7),  yet  the  evidence  is  valuable,  since,  taken  in 
conjunction  with  the  boiling  point  of  the  compound  (235°/20  mm.) 
and  its  percentage  composition,  it  shows  that  it  has  been  formed 
by  the  condensation  of  one  molecule  of  benzyl  cyanide  with  one 
molecule  of  ethyl  cyanoacetate. 

It  was  necessary,  therefore,  to  adopt  some  other  means  of  dis- 
tinguishing between  the  two  compounds  of  formulas  (6)  and  (7),  and 
since  we  were  unable  to  isolate  any  intermediate  products  during  the 
alkaline  hydrolysis,  the  formation  of  which  might  throw  some  light  on 
the  problem,  we  were  led  to  study  the  action  of  concentrated  sulphuric 
acid  on  the  compound  melting  at  125°. 

If  the  two  formulae  are  examined,  it  will  be  seen  that  the  action  of 
this  reagent  must  give  rise  to  different  compounds. 
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A  substance  of  formula  (7)  is  closely  'allied  to  ethyl  ^-imino-a- 
«yanoglutarate  (see  page  1906)  in  constitution,  and  therefore  should 
readily  give  phenylglutazine  (8)  on  treatment  with  concentrated 
sulphuric  acid,  thus  : 

c:nh  c:nh 


CH,    CHPh  .       CH.,    CHPh 

CO      CN  CO      CO 

6Et  Yb. 

(7.)  (8.) 

whereas  a  compound  of  formula  (6),  in  which  the  nitrile  group  and  the 
carboxyl  group  are  united  with  the  same  carbon  atom,  cannot  yield  a 
derivative  of  glutazine  under  the  same  conditions. 

The  compound  melting  at  125°  does  not  give  phenylglutazine  on 
treatment  with  concentrated  sulphuric  acid,  and  there  can  therefore 
be  no  doubt  that  it  possesses  a  constitution  represented  by  formula 
(6),  a  view  which  is  confirmed  by  a  close  study  of  the  compound 
which  is  actually  formed  with  this  reagent. 

It  has  already  been  mentioned  that  one  of  our  objects  in  investigat- 
ing the  interaction  of  benzyl  cyanide  and  ethyl  sodiocyanoacetate  was 
to  prepare  a  compound  in  which  the  nitrile  group  could  by  reason  of 
its  position  pass  into  a  six-membered  carbon  ring  instead  of  the 
pyridine  ring  formed  from  the  other  compounds  which  have  already 
been  investigated. 

This  object  will  be  more  clearly  understood  when  the  formula  of 
ethyl  ^-imino-a-cyano-y-phenylbutyrate  is  written  thus  (9)  : 

CH^ 

\c:nh       _    /  Y  \c:nh        _.   f   Y   V— 2 

^CH-COaEt     "^  '\^y\^yCH-COoEt  ^/l^COoEt 

CN 
(9.) 

It  was  thought  possible  that  the  nitrile  group  might  react  with  the 
ortho-hydrogen  atom  of  the  benzene  ring,  forming  a  di-imino-compound 
(10),  which  in  its  amino-form  would  be  ethyl  1-3-diaminonaphthalene- 
2-carboxylate  (11),  and  that  by  this  means  an  interesting  synthesis 
of  the  naphthalene  ring  might  be  effected. 

Since  the  original  imino-coinpouud  (9)  was  formed  in  the  pi'esence 
of  sodium  ethoxide,  we  intended  to  attempt  to  obtain  the  di-imino- 
derivative  (10)  by  treating  ethyl  )8-imino-a-cyano-y-phenylbutyrate 
with  excess  of  this  reagent.  We  were  therefore  considerably 
astonished  to  find  that,  on  treating  this  ethyl  salt  with  concentrated 
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sulphuric  acid,  in  the  attempt  already  mentioned  to  determine  its 
constitution,  it  was  quantitatively  converted  into  the  sulphate  of  ethyl 
1  : 3-diaminonaphthalene-2-carboxylate  (11). 

This  result  was  all  the  more  surprising  because  it  has  been  shown  by 
Metzner  [Annalen,  1901,  298,  386)  that  a  similarly  constituted  com- 
pound, namely,  ethyl  phenylacetylmalonate  (12),  on  treatment  with 
cold,  concentrated  sulphuric  acid,  is  converted  with  loss  of  alcohol  into 
ethyl  1  : 3-dihydroxynaphthalene-2-carboxylate  (13),  the  reaction 
taking  place  at  the  ordinary  temperature, 


^       EtOH   + 
•(JOgEt 

COoEt 


^CH-COgEt 


CO  .  ,/     Y     >0H 


CH-CO„Et  '\    A    /CO^Et 


and  it  was  therefore  to  be  expected  that  ethyl  /3-imino-a-cyano-y- 
phenylbutyrate  (9)  would  behave  in  the  same  way,  yielding  3-amino-2- 
cyano-1-naphthol  (14)  : 

CH, 

^  \c:nh  ^^qjj    ^ 

^CH-CN 
CO^Et 

(9). 


c:nh 

CH-CN 


CO 

(14.) 

The  yield,  however,  of  ethyl  1  :  3-diaminonaphthaiene-2-carboxylat» 
(11)  from  ethyl  /?-imino-a-cyano-y-phenylbutyrate  (9),  on  ti-eatment 
with  sulphuric  acid,  is  quantitative,  and  the  reaction  takes  place  with 
remarkable  ease.  Thus  it  is  only  necessary  to  add  a  quantity  of  well- 
ground  ethyl  salt  to  three  times  its  weight  of  concentrated  acid  and 
allow  the  mixture  to  stand  for  one  minute  in  order  to  complete  the 
change.  On  first  adding  the  ethyl  salt  it  dissolves,  forming  a  yellow 
solution  which  rapidly  changes  in  colour  in  the  course  of  a  few  seconds 
to  deep  malachite-green,  heat  at  the  same  time  being  generated. 
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When  this  green  solution  is  poured  on  ice  the  colour  is  discharged 
and  a  clear  yellow  solution  is  formed  from  which  the  sulphate  of  ethyl 
1  : 3-diaminonaphthalene-2-carboxylate  separates  on  standing  as  a  pale 
yellow,  crystalline  precipitate.  The  sulphate  is  readily  soluble  in  water, 
and  if  the  aqueous  solution  is  rendered  alkaline  the  base  is  precipitated 
as  an  intense  yellow  crystalline  compound,  which,  when  purified  by 
recrystallisation  from  alcohol,  is  obtained  in  deep  yellow  plates. 

There  can  be  no  doubt  that  this  yellow  compound  represents  the 
di-imino-form  of  ethyl  1  :  3-diaminonaphthalene-2-carboxylate  (10). 
The  salts,  especially  the  hydrochloride,  can  be  obtained  in  almost 
colourless  crystals,  and  they  are  therefore  probably  the  salts  of  the 
amino-form  (11).  It  is  interesting  to  note,  however,  that  although  the 
solutions  of  these  salts  are  colourless  when  cold,  they  become 
intensely  coloured  on  boiling,  the  colour  being  again  discharged  on 
cooling. 

The  green  colour  which  is  formed  when  ethyl  ^-imino-a-cyano- 
y-phenylbutyrate  is  treated  with  concentrated  sulphuric  acid  is 
difficult  to  explain,  since  ethyl  1  :  3-diaminonaphthalene-2-carboxylate 
dissolves  in  the  concentrated  acid,  forming  a  yellow  solution  which  does 
not  change  on  warming.  That  this  coloration  is  not  necessary  for  the 
production  of  the  naphthalene  ring  is  shown  by  the  fact  that  if  the 
solution  of  ethyl  j8-imino-a-cyano-y-phenyibutyrate  in  concentrated 
sulphuric  acid  is  brought  about  at  0°,  and  the  temperature  is  not 
allowed  to  rise  above  this  point,  no  green  colour  appears,  the  solution 
remaining  a  light  brown.  Whether  the  green  colour  is  formed  or  not, 
the  yield  of  the  naphthaleiie  is  not  apparently  affected. 

The  corresponding  carboxylic  acid  (15)  can  be  readily  prepared  from 
ethyl  1  :  3-diaminonaphtbalene-2-carboxylate  (11)  on  treating  it  with 
an  ahoholic  solution  of  potash.  The  free  acid,  which  is  colourless,  is 
unstable  at  temperatui-es  above  its  melting  point  (85°),  being  then 
transformed  with  evolution  of  carbon  dioxide  into  1  : 3-naphthylene- 
diamine  (16). 


(15.) 


1  :  3-Naphthylenediamine  prepared  in  this  way  is  identical  with  the 
compound  obtained  by  Urban  (jSer.,  1887,  20,  973)  by  the  reduction  of 
1  :  3-dinitronaplithalt'ne,  and  by  Friedliinder  (/ier.,  1895,  28,  1953)  by 
the  action  of  ammonia  on  4-auiiuo-2-uaphtliol. 

It  was    pointed  out  in  Part   I.  of  this  series  that  ethyl  /?-imino- 
a-cyanoglutarate  (17)  reacted  with  sodium  ethoxide,  forming  a  sodium 
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derivative,  and  that  the  metal  entered  in  the  position  (1),  that  after 
the  sodium  atom  in  this  had  been  replaced  by  an  alkyl  radicle,  the 
hydrogen  mai-ked  (2)  could  be  replaced  by  sodium,  and  that  finally,  after 
this  sodium  had  been  treated  with  an  alkyl  iodide,  the  third  hydrogen 
atom  marked  (3)  could  be  replaced. 

C02Et-CHH-C:(NH)-CH(CN)-C02Et 

(1)  (3)  m 

(17.) 

Ph-CHH-C(:NH)-CH(CN)-C02Et 

* 

(18.) 

It  is  interesting  to  note  that,  although  the  hydrogen  atom  marked 
(2)  is  attached  to  the  same  carbon  atom  as  a  nitrile-  and  a  carbethoxyl- 
group,  yet  the  first  hydrogen  atom  replaced  is  that  marked  (1),  which 
is  attached  to  the  same  carbon  atom  as  the  carbethoxyl-  and  the  carb- 
imino-group. 

In  the  case  of  ethyl  ;8-imino-a-cyano-y-phenylbutyrate  (18),  the 
influence  of  the  phenyl  group  is  at  once  apparent,  and  we  have  only 
succeeded  in  introducing  one  alkyl  group  into  this  compound  after 
repeatedly  treating  it  with  sodium  ethoxide  and  the  alkyl  iodide. 
The  hydrogen  atom  replaced  is  that  marked  (*),  and  apparently  the 
hydrogen  atom  of  the  cyanoacetic  I'esidue  is  not  replaceable  under 
ordinaiy  conditions. 

We  have  carefully  studied  both  the  methyl  and  ethyl  derivatives  of 
ethyl  /8-imino-a-cyano-y-phenylbutyrate,  and  have  found  that  it  is 
necessary  to  treat  the  ethyl  salt  four  successive  times  with  the 
calculated  quantity  of  sodium  ethoxide  and  excess  of  methyl  (or  ethyl) 
iodide  in  order  to  convert  the  whole  of  it  into  its  mono-alkyl 
derivative. 

The  positions  of  the  alkyl  groups  in  the  alkylated  compounds  can  be 
readily  shown  by  the  products  they  give  on  complete  hydrolysis  with 
alcoholic  potash.  Thus  the  ethyl  salt  which  is  prepared  by  the  action 
of  sodium  ethoxide  and  methyl  iodide  on  ethyl  /3-imino-a-cyano- 
y-pheuylbutyrate  gives  phenylacetic  and  malonic  acids  under  these 
conditions,  thus  : 

Ph-CHMe-C:(NH)-  CH(CN)-C03Et 

/  '^ 

v-  ^ 

Ph-CHMe-COgH  CH2:(C02H)2 

It  is  therefore  ethyl  /3-imiuo-a-cyano-y-phenyl-»i-valerate, 
Ph-CHMe-C:(NH)-CH(CN)-C02Et. 

In  the  same  way,  the  corresponding  ethyl  derivative  gives  a  mixture 
of  a-phenyl-?4-butyric  and  malonic  acids  on  complete  alkaline  hydrolysis. 
Its  formula  is  therefore  Ph-CHEt-C(:NH)-CH(CN)-C02Et. 
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Both  these  ethyl  salts  behave  in  the  same  way  as  ethyl  yS-imino- 
a-cyano-y  phenylbutyi'ate  on  treatment  with  concentrated  sulphuric 
acid.  In  each  case  a  similar  green  to  blue  coloration  is  produced 
if  the  solution  is  allowed  to  become  warm,  but  is  not  formed  if  the 
temperature  is  kept  below  0°,  and  in  each  case,  also,  on  pouring  the 
mixture  on  ice  a  clear  solution  is  obtained  from  which  the  sulphate 
of  the  base  separates  on  standing.  Ethyl  2  : 4-diamino-l-methyl- 
naphthalene-3-carboxylate  (19)  and  ethyl  2  : 4-diamino-l-ethyl- 
naphthalene-3-carboxylate  (22)  are  in  each  case  precipitated  from  the 
solutions  of  their  sulphates  on  the  addition  of  ammonia  as  yellow  oils 
which  on  extraction  by  means  of  ether  are  obtained  as  syrups  rapidly 
solidifying  to  yellow,  crystalline  solids. 


NH2 

CO.Et 


— > 


--> 


NH2 

(19.) 


NH2 

(20.) 


NH, 


NH.3 

CO,Et 


NH, 


NHo 


(21.) 


(22.) 


Ethyl  2  : 4-diamino-l-methylnaphthalene-3-carboxylate  passes  on 
hydrolysis  with  alcoholic  potash  into  the  corresponding  carboxylic 
acid  (20),  which,  like  the  unalkylated  derivative,  is  a  colourless, 
crystalline  compound,  decomposing  with  evolution  of  carbon  dioxide 
on  being  heated  above  its  melting  point  and  passing  into  2  :  4-diamino- 
1-methylnaphthalene  (21). 


Et 

/VNnh, 


Et 


CO.3H 


>NHo 


(23.) 


NH.3 

(24.) 


In  the  same  way,  ethyl  2:4-diamino-l-ethylnaphthalene-3-carboxylate 
(22)  yields  2  :  4-diamino-l-ethylna23hthalene-3-carboxylic  acid  (23)  and 
2  :  4-diamino-lethylnaphthalene  (24). 


Tlte  Condensation  of  Benzyl  Cyanide  with  its  Sodium  Derivative. 

The  interaction  of  benzyl   cyanide  with  its  sodium  derivative  was 
first  studied  by  Wache  {J.  pr.  Chem.,  188U,  ii,  39,  251),  who  investi- 
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gated  the  action  of  finely  divided  sodium  on  an  ethereal  solution  of  the 
nitrile.  Although  this  chemist  was  unable  to  isolate  the  biniolecular 
nitrile,  CHoPh-C(:NH)-CH(CN)Ph,  he  found  that,  on  heating  the 
precipitate  formed  in  the  abov^e  reaction  with  excess  of  benzyl  cyanide 
in  a  sealed  tube  at  180°  for  several  hours,  it  was  transformed  into 
a  white,  crystalline,  basic  substance  of  the  empirical  formula  C.24Ho^N3, 
to  which  he  gave  the  name  of  cyanbenzyline  (6-amino-5-phenyl-2  :  4- 

dibenzylpyrimidine),  and  the  formula  CHgPh'C^i^^ -n/TsflT  (^^^^> 

on  account  of  the  similarity  between  its  mode  of  formation  and 
properties  and  those  of  cyanethine  and  cyanmethine,  which  E.  v.  Meyer 
(J.  pr.  Cheni.,  1889,  ii,  39,  156)  had  previously  shown  to  be  derivatives 
of  pyrimidine,  Wache  subsequently  found  that  the  best  way  to 
prepare  cyanbenzyline  was  to  heat  a  mixture  of  the  nitrile  and  diy 
sodium  ethoxide  in  a  sealed  tube  at  170 — 180°  for  many  hours. 

E.  v.  Meyer  {J.  ])r.  Cheni,,  1895,  ii,  52,  114),  in  conjunction  with 
O.  Probst  (Inaug.  Diss.  Leipzig,  1894),  repeated  the  work  of  Wache, 
and  found  that  if  the  precipitate  which  was  formed  by  the  action  of 
finely  divided  sodium  on  an  ethereal  solution  of  benzyl  cyanide  was 
washed  with  light  petroleum  and  then  added  to  dilute  acetic  acid, 
a  viscid  oil  was  obtained  which  could  not  be  distilled  without  under- 
going decomposition,  but  which  evidently  consisted  of  ^-imino-a-cyano- 
ay-diphenylpropane,  CHoPh'C(!NH)'CH(C]S[)Ph,  since  on  treatment 
with  hydroxylamine  it  gave  the  same  oxime  as  that  derived  from 
cyanodibenzyl  ketone,  CH2Ph-C0-CH(CN)Ph.  Latei-,  v.  Walther  and 
Schickler  (J.  pr.  Chem.,  1897,  ii,  55,  350)  prepared  the  same  compound 
by  the  action  of  ammonia  on  the  cyanoketone,  CH2Ph*C0*CH(CN)Ph, 
but  also  failed  to  obtain  it  in  the  solid  condition. 

The  termolecular  nitrile  cyanbenzyline  was  thoroughly  investigated 
by  Herfeldt  (J.  pr.  Chem.,  1896,  ii,  53,  246),  who  prepared  many  of 
its  derivatives,  and  still  more  recently  v.  Walther  {J.  jyr.  Chem.,  1903, 
ii,  67,  447)  has  found  that  it  can  be  prepared  by  the  action  of  finely 
divided  sodium  on  an  ethereal  solution  of  beuzyl  cyanide  containing 
dimethylaniline.  Owing  to  the  similarity  in  constitution  between 
benzyl  cyanide  and  ethyl  cyanoacetate,  we  decided,  in  order  to  prepare 
y3-imino-a-cyano-ay-diphenylpropane,  CH2Ph-C(INH)'0H(0;N)Ph,  to  in- 
vestigate the  interaction  of  benzyl  cyanide  with  its  sodium  derivative 
in  alcoholic  solution,  since  in  the  case  of  ethyl  cyanoacetate  a  good  yield 
of  ethyl  /3-iminocyanoglutarate,  C02EfCH2-C(:NH)'CH(CN)C02Et, 
had  been  obtained  by  Baron,  Remfry,  and  Thorpe  by  this  means 
(Trans.,  1904,  85,  1726). 

We  found  that  the  products  formed  in  this  condensation  varied  with 
the  length  of  time  during  which  the  heating  was  continued  at  100^ 
Thus,  when  two  molecular  equivalents  of  benzyl  cyanide  and   one  of 
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sodium  ethoxide  dissolved  in  alcohol  were  heated  on  the  water-bath 
for  half  an  hour,  the  product  consisted  of  about  70  [)er  cent,  of  jS-immo- 
a-cyano-ay-diphenylpropane,  CH2Ph'C(INH)*CH(CN)Ph,  mixed  with 
unchanged  benzyl  cyanide.  When  the  heating  was  prolonged,  an 
odour  resembling  ammonia  became  apparent  at  the  mouth  of  the 
condenser  and  on  wox'king  up  the  product  at  the  end  of  two  hours  it 
was  found  to  consist  of  about  equal  proportions  of  ^-imino-a-cyano- 
ay-diphenylpropane,  CH.^Ph-C(:NH)-CH(CN)Ph,  /?-keto-a-cyano- 
ay-diphenylpropane,  CH2Ph"C0*CH(C]Sr)Ph,  and  cyanbeuzyline,  some 
benzyl  cyanide  being  at  the  same  time  recovered  unchanged. 

On  prolonging  the  heating  until  the  odour  resembling  ammonia 
ceased  to  be  perceptible,  an  operation  which  u>uilly  required  twenty- 
four  houx-s  to  accomplish,  the  product  was  found  to  consist  entirely  of 
)8-keto-a-cyano-ay-diphenylpropane  and  cyanbeuzyline. 

Subsequently  it  was  found  by  experiment  that  the  odour  resembling 
ammonia  was  not  due  to  this  substance  itself,  but  to  ethylamine,  which 
was  probably  formed  by  the  action  of  the  alkaline  alcoholic  solution  on 
^-imino-a-cyano-ay-diphenylpropane,  the  reaction  evidently  proceeding 
according  to  equation  (HI)  : 

(III).  CH2Ph-C(:NH)-CH(CN)Ph  +  H0Et— ^ 

CHoPh-CO-CH((JN)Ph  +  EtNH.,. 

It  is  apparent,  therefore,  that  the  first  action  of  benzyl  cyanide  on 
its  sodium  derivative  in  alcoholic  solution  at  100°  is  to  form  yS-imino- 
a-cyano-ay-diphenylpropane  according  to  equation  (IV)  : 

(IV).  Ph-CHNa-CN  +  H-CH(CN)Ph— > 

Ph-CHNa-C(:]S[H)-CH(CN)Ph, 

and  that  if  the  reaction  is  stopped  at  the  end  of  about  half  an  hour  a 
good  yield  of  this  compound  can  be  obtained.  After  this  time,  the 
initial  product  is  slowly  decomposed  in  accordance  with  equation  (III) 
and  /3-keto-a-cyano-ay-diphenylpropane  is  formed  ;  at  the  same  time, 
the  sodium  derivative  of  ^-imino-a-cyano-uy-iliphenylpropane  reacts 
with  the  unchanged  benzyl  <  ynnide,  forming  cyanljenzyline  in  accord- 
ance with  the  observation  of  W'ache.  Like  all  previous  investigators, 
we  have  been  unable  to  obtain  ^-imino-a-cyano-ay-diphenylpropano  (23) 
in  a  crystalline  condition,  although  wo  iind  that  it  can  be  distilled 
without  decomposition  under  a  pressure  of  20  mm.  if  the  operation 
is  conducted  rapidly  and  only  small  quantities  are  used.  When 
treated  with  cold  concentrated  sulphuric  acid,  it  behaves  in  just  the 
same  way  as  ethyl  /3-imino-a-cyano-y-phenylbutyrate,  being  converted 
into  1  : 3-diaraino-2-phenylnaphthaIene  (21)  thus  : 
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CHPh 
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c:nh 

CHPh 


CN 

(23) 


c:nh 


(24) 


NH„ 


It  is  worthy  of  note  that,  whereas  ethyl  1  : 3-diaminonaphthalene-2- 
carboxylate  is  intenseyellow  in  colour,  1 :3-diamino-2-pheny]naphthaIene 
is  colourless,  and  a  comparison  of  the  three  following  formulae  is  of 
interest  as  showing  the  influence  of  the  carbethoxyl,  carboxyl,  and 
phenyl  groups  respectively  on  the  stable  forms  of  similar  compounds : 

CH2 


CH-COgEt 


c:nh 

(Yellow). 


|NH, 
JcOgH 


NH, 

(Colourless). 


Ph 

NH2 

(Colourless). 


It  is  also  of  interest  to  note  that  the  same  phenomenon  occurs  in  the 
corresponding  hydroxy-compounds,  thus  :  Metzner  {Annalen,  1901, 
298,  386)  finds  that  ethyl  1  :  3-dihydroxynaphthalene-2-carboxylate(25) 
is  yellow,  whereas  the  corresponding  acid  (26)  is  colourless.  1  :  3-Di- 
hydroxy-2-phenylnaphthalene  (27),  which  has  Leen  prepared  by  Volhard 
{Annalen,  1900,  296,  16)  by  the  action  of  concentrated  sulphuric  acid 
on  ethyl  diphenylacetoacetate,  CH2Ph*CO'CH(Ph)'C02Et,  is  also 
colourless. 

CH., 


CH-COjEt 


CO 

(25) 
Yellow  (Metzuer). 


OH 

(26) 
Colourless  (Metzner). 


OH 

(27) 
Colourless  (Volhard). 


The  salts  of  1  :  3-diamino-2-phenylnaphthalene  are  colourless,  but 
become  intensely  coloured  on  exposure  to  the  air.  A  full  investigation 
of  its  properties  are  in  progress. 


Experimental. 

Formation    of  Ethyl   P-I)nino-a-ci/ano-y-phen7/lbuty7'ai&, 
CH2Ph-C(:NH)-CH(CN)-C02Et. 

This  ester  was  produced  by  the  condensation  of  the  sodium 
derivative  of  ethyl  cyanoacetate  with  benzyl  cyanide  in  alcoholic 
solution.  Twenty-three  grams  of  sodium  were  dissolved  in  275  grams 
of    alcohol   and    mixed  with    113    grams   of  ethyl   cyanoacetate.     To 
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the  well-cooled  solution  117  grams  of  benzyl  cyanide  were  added 
and  the  whole  heated  on  the  water-batb.  It  was  found  that  the 
yield  of  the  condensation  product  varied  considerably  with  the  length 
of  time  during  which  the  mixture  was  heated  and  that  much  care 
had  to  be  exercised  in  order  to  obtain  the  above  compound  in 
yields  sufficiently  large  for  the  purposes  of  the  research.  This  was 
necessary  owing  to  the  fact  that  soon  after  being  formed,  the  con- 
densation product  was  found  to  pass  rapidly  into  another  compound 
(see  below)  which  has  not  yet  been  identified.  This  difficulty  will 
be  realised  when  it  is  pointed  out  that  after  the  above  mixture 
had  been  heated  for  twelve  hours  at  100°  only  about  10  per  cent, 
of  ethyl  y8-imino-a-cyano-y-phenylbutyrate  could  be  isolated,  the 
majority  of  the  benzyl  cyanide  being  recovered  unchanged,  whereas 
if  the  heating  was  prolonged  at  the  same  temperature  for  twenty- 
four  hours  the  product,  whilst  containing  25  per  cent,  of  the  ester, 
was  found  to  be  mixed  with  as  much  as  40 — 45  per  cent,  of  another 
compound  of  high  molecular  weight,  and  only  a  relatively  small 
proportion  of  the  benzyl  cyanide  was  recovered  unchanged.  On  heating 
for  a  still  longer  time  the  quantity  of  the  complex  substance  increased 
and  the  amount  of  ethyl  ^-imino-a-cyano-y-phenylbutyrate  formed 
and  of  unchanged  benzyl  cyanide  diminished. 

After  numerous  experiments  carried  out  under  different  conditions 
in  which  yields  of  the  ethyl  ester  varying  from  10 — 50  per  cent,  of  the 
theoietical  amount  were  obtained,  the  following  method  was  ultimately 
adopted  as  being  the  most  convenient. 

The  molecular  mixture  described  above  was  heated  on  the  steam- 
bath  for  fifteen  hours,  the  flask  being  vigorously  shaken  from  time  to 
time.  It  was  observed  that  the  white  insoluble  sodium  derivative  of 
ethyl  cyanoacetate  gradually  dissolved  and  that  the  solution  became 
deep  red  in  colour  and  very  viscous.  After  being  heated  for  the  specified 
time  the  product  was  cooled,  when  it  set  to  a  thick  jelly.  Dilute 
hydrochloric  acid  was  then  added  and  the  heavy  oil  which  sepaiated 
extracted  by  means  of  ether,  the  ether  solution  being  washed  with 
water  and  then  with  dilute  sodium  carbonate  solution.  During  the 
washing  with  sodium  carbonate  a  considerable  quantity  of  acid  oil  was 
extracted,  a  description  of  which  will  be  found  below. 

The  ether  solution,  without  being  dried,  was  evaporated  free  from 
ether,  and  the  residue  subjected  to  distillation  in  a  current  of  steam, 
whereby  the  whole  of  the  unchanged  benzyl  cyanide  was  recovered  in 
the  distillate.  The  residue,  which  consi^ted  of  a  viscid  brown  oil 
solidifying  on  cooling,  was  then  separated  by  filtration,  dried  on  a 
porous  plate,  and  recrystallised  from  absolute  alcohol. 

Ethyl  p-imino-a-cyano-y-j)henijliutyrate,  purified  in  this  wny,  was 
obtained  in  long,  colourless  needles,  which  melted  at  125'^ : 

6  K  2 
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0-1877  gave  04659  COo  and  0-1068  HoO.     C  =  67-69  ;  H  =  6-32. 
CjgHj^O^Ng  requires  0  =  67-81  ;  H^61  per  cent. 

The  ethyl  ester  is  insoluble  in  solutions  of  alkali  carbonates  and  in 
aqueous  caustic  alkalis  and  is  not  acted  on,  even  on  prolonged  boiling, 
by  concentrated  hydrochloric  acid.  It  can  be  recrystallised  from  either 
methyl  or  ethyl  alcohol  or  from  benzene,  but  is  almost  insoluble  in 
light  petroleum. 

The  sodium  carbonate  washings  from  the  ether  solution  were 
acidified,  when  a  heavy  oil  separated,  which  partially  solidified.  This 
was  filtered  by  the  aid  of  the  pump  and  the  mixture  of  oil  and  solid 
washed  with  ether,  in  which  solvent  the  solid  was  found  to  be  quite 
insoluble.  The  residue  was  dried  on  a  porous  plate  and  found  to 
consist  of  a  light  brown  amorphous  substance  apparently  insoluble  in 
all  the  usual  organic  solvents  with  the  exception  of  hot  glacial  acetic 
acid  in  which  it  was  only  very  sparingly  soluble.  It  was  insoluble  in 
concentrated  hy<lrochlorio  acid,  but  dissolved  in  concentrated  sul- 
phuric acid  apparently  unchanged,  since  it  was  reprecipitated  on  the 
adiiition  of  water.  It  is,  however,  readily  soluble  in  dilute  solutions 
of  alkali  carbonates  and  iu  caustic  alkalis  and  in  the  latter  case  on 
the  addition  of  excess  of  the  alkali  a  crystalline  alkali  salt  slowly 
separates.  This  salt  is,  however,  difficult  to  purify  since  it  is 
dissociated  by  water,  and  therefore  cannot  be  freed  from  the  excess  of 
alkali.  For  the  purpose  of  analysis  the  compound  v/as  purified  by 
conversion  into  the  potassium  salt,  which  was  effected  by  first  washing 
the  crude  product  thoroughly  with  ether  and  then  dissolving  it  in  a 
moderately  dilute  solution  of  caustic  potash.  On  standing  a  crystal- 
line poLassiutn  salt  slowly  sepai'ated  which  was  filtered  and  recon- 
verted into  the  original  acid  by  treatment  with  dilute  hydrochloric 
acid.  The  white  amorphous  precipitate  thus  obtained  was  then  re- 
crystallised  from  a  large  quantity  of  glacial  acetic  acid,  from  which 
solvent  it  separated  in  colourless,  microscopic  needles  which  melted  to 
a  brown  liquid  at  335°  ;  * 

I.  0-3086  gave  08346  CO,  and  0-1416  H.O.    0  =  73-76;  H  =  5-14. 
11.  0-2072     „     0-5610  00^    „   0-0940  h",0.    0  =  73-84 ;  H  =  5-08. 
III.   0-2508     ,,     35-0  c.c.  nHrogen  at  18°  and  767  mm.  N  =  15-95. 
OaiHjgON^  requires  0  =  73-7  ;  H  =  5-2  ;  N  =  16-4  per  cent. 

These  figures  furnish  no  clue  as  to  the  identity  of  the  substance. 

Considerable  quantities  of  this  compound  having  accumulated 
during  the  course  of  this  research,  it  is  our  intention  further  to 
investigate  its  properties. 

The   ethereal   layer  which   floated   on    the   filtrate   from   the  above 

*  This  mt'lting  point  was  taken  in  cj-anbeiizyline  (see  \}.  1932). 
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compound  after  washing  it  free  from  oil  was  sepai'ated  in  the  funnel, 
washed  with  water,  dried  and  the  ether  evaporated.  The  residue, 
which  consisted  of  a  viscid,  dark  oil  readily  soluble  in  dilute  sodium 
carbonate  solution,  was,  without  further  purification,  mixed  with  three 
times  its  volume  of  absolute  alcohol  and  an  equal  volume  of  con- 
centrated sulphuric  acid  and  after  being  allowed  to  stand  for  twelve 
hours,  heated  on  the  water-bath  for  three  hours.  The  mixture  was 
then  poured  into  water,  the  oil  which  separated  extracted  with  ether, 
and  after  any  unchanged  acid  had  been  extracted  by  means  of  dilute 
sodium  carbonate  solution,  the  ethereal  solution  was  dried  and 
evaporated  free  from  ether.  The  brown  liquid  which  remained 
deposited  a  considerable  quantity  of  crystals  on  standing,  and  these 
were  collected  and  purified  by  recrystallisation  from  hot  alcohol,  being 
obtained  in  silky  needles  melting  at  178"  : 

T.  0-1868  gave  0-5252  CO2  and  0-0882  Hp.    C  =  76-68  ;  H  =  5-28. 
II.  0-1950     „     0-5472  CO2    „    0-0908  HgO.    C  =  76-52  ;  H-5-17. 

III.  0-2284     „     24-6  c.c.  nitrogen  at  13°  and  75G  mm.    N  =  12-78. 

IV.  0-2264     „     24-6  c.c.  „         ,,13°     „    752  mm.    N=  12-81. 
C21H1-ON3  requires  G- 77-0  ;  H  =  5-2  ;  N  =  12-9  per  cent. 

The  compound  is  insoluble  in  alkalis  and  in  concentrated  hydro, 
chloric  acid.     Its  constitution  has  not  yet  been  determined. 

The     Constitution    of    Ethyl    fi-Iniiao-a-cijano-y-phenylbuti/rate. 

■  Formation  of  Phenylacetic  and  Malonic  Acids  by  the  Action  of  Methyl 

Alcoholic  Potash. 

The  proof  of  the  constitution  of  ethyl  ^-imino-a-cyano-y  phenyl- 
butyrate  was  derived  from  a  study  of  the  products  which  were  formed 
when  it  was  completely  hydrolysed  by  means  of  an  alcoholic  solution 
of  potash.  As  already  mentioned  in  the  introduction,  this  proof  is 
not  in  itself  conclusive,  since  ethyl  ^-imino-y-cyano-y-phenylbutyrate, 
CHPh(CN)-C(:NH)-CH2-C02Et,  which  might  conceivably  be  formed 
in  the  same  reaction  would  also  give  the  same  products  on  .alkaline 
hydrolysis,  but  that,  taken  in  conjunction  with  the  other  reactions  of 
this  ethyl  salt,  places  its  constitution  beyond  question. 

When  ethyl  /S-imino-a-cyano-y-phsnylbutyrate  was  mixed  witli  a 
solution  of  Iv  times  the  calculated  quantity  of  potash  dissolved  in 
methyl  alcohol,  considerable  heat  was  generated  and  much  ammonia 
was  evolved  on  heating  the  solution  on  the  water-bath.  After  heating 
for  six  hours  the  evolution  of  ammonia  had  ceased  and  a  clear  solution 
was  obtained  on  pouring  the  hydrolysed  product  into  water.  The 
excess  of  methyl  alcohol  was  then  evaporated  and  the  residue  acidified 
by  means  of  hydrochloric   acid,  when  a  white,  crystalline  substance 
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separated.  This  was  collected  and  recrystallised  from  dilute  alcohol, 
being  thus  obtained  in  glistening  plates  melting  at  76°.  An  analysis 
proved,  as  its  appearance  and  odour  indicated,  that  it  was  phenyl- 
acetic  acid  : 

0-2107  gave  0-5222  CO.,  and  01232  HgO.     C  =  67-61;  H  =  6  49. 
G^HgOg  x'equires  C  =  678  ;  H  =  6-4  per  cent. 

The  filtrate  from  the  phenylacetic  acid  was  evaporated  to  dryness, 
acidified  with  concentrated  hydrochloric  acid  and  again  evaporated, 
being  finally  placed  in  a  Soxhlet  apparatus  and  extracted  with  ether. 
The  ethereal  solution  on  drying  and  evaporating  deposited  a  quantity 
of  oil  which  rapidly  solidified  and  then  melted  at  132°  with  decomposi- 
tion. The  analysis,  together  with  the  fact  that  on  distillation  it  yielded 
acetic  acid,  showed  it  to  be  malonic  acid  : 

0-2217  gave  0-2796  CO2  and  0-0778  H2O.    C  =  34-39;   H  =  3-89. 
C3H4O4  requires  C  =  34-6  ;    I[  =  38  per  cent. 

Formation  of  Ethyl  1  :  Z-Diaminonaphtlialene-l-carhoxylate, 


When  dry  ethyl  j8-imino-a  cyano  y-phenylbutyrate  ground  to  a  fine 
powder  is  added  to  three  times  its  weight  of  cold,  concentrated 
sulphuric  acid  it  dissolves  rapidly  forming  a  yellow  solution.  If  the 
mixture  is  allowed  to  become  warm  this  solution  becomes  deep 
malachite-green  in  colour,  but  it  remains  yellow  if  placed  in  a 
mixture  of  ice  and  salt.  If,  as  soon  as  the  ethyl  salt  has  all  dissolved, 
an  operation  which  usually  takes  about  one  minute,  the  strong 
sulphuric  acid  solution  is  poured  on  ice,  a  clear  yellow  solution  is  pro- 
duced from  which  an  almost  white  crystalline  substance  separates  on 
standing.  This  compound  is  the  sulphate,  CjgHj^OgN.^.H^SO^,  of  the 
above  base  and  can  be  obtained  in  almost  colourless  plates  by 
recrystallisation  from  water : 

0-1539  gave  0-2706  CO,  and  0-0705  H.p.     0  =  4795;  H  =  5-12. 
0i3Hi4O2N2,H2SO4  requires  0  =  47-6  ;  H  =  4-9. 

The  sulphate  gradually  becomes  yellow  on  exposure  to  the  air,  and 
when  dissolved  in  water  forms,  in  the  cold,  an  almost  coloui'less 
solution,  which  on  warming  becomes  bright  yellow ;  this  yellow 
colour  is  discharged  on  cooling. 

Ethyl-\  ;  ^-diaminonaphthalene-2-carhoxylate  is  precipitated  as  a 
yellow,  crystalline  solid  on  adding  aqueous  ammonia  to  a  solution  of 
the   sulphate  dissolved  in  water.     It  was  collected  by  filtration  and 
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recrystallised  from  ether,  being  obtained  in  this  way  in  golden  yellow 
plates  melting  at  108°  : 

0-2244  gave  0-5568  CO^  and  0-1262  H2O.     0  =  67-65  ;  H  =  6-24. 

0-3238     „     32-4  c.c.  of  nitrogen  at  12°  and  769  mm.     N  =  12-13. 

CisHiANg  requires  C  =  67-8  ;  H  =  6-1  ;  N  =  12-2  per  cent. 

The  hydrochloride,  Q-^^-^fi.^2^2^(u\,  is  best  prepared  by  dissolving 
the  base  in  dilute  hydrochloric  acid  and  then  adding  excess  of  con- 
centrated hydrochloric  acid  to  the  almost  colourless  solution.  On 
standing,  colourless  needles  of  the  above  salt  separate  : 

0-2911  gave  0-2734  AgCl.     01  =  23-30. 

C'i3"Hi402N2,2H01  requires  01  =  23-4  per  cent. 

Ethyl  1  :  3-diaminonaphthalene-2-carboxylate  is  very  readily 
oxidised  by  the  mildest  oxidising  agents,  being  even  slowly  altered  on 
exposure  to  the  air.  The  compounds  produced  in  these  circumstances 
as  well  as  the  products  foi-med  by  the  action  of  nitrous  acid  on  this 
ethyl  salt  are  still  under  investigation, 


1  :  3-D{aminonaphthalene-2-carboxylic     acid, 


This  acid  was  prepared  from  the  ethyl  salt  by  hydrolysing  it  with 
methyl  alcoholic  potash.  5  grams  were  added  to  a  solution  of  1^ 
times  the  calculated  quantity  of  caustic  potash  dissolved  in  meth}! 
alcohol  and  the  solution  warmed  on  the  water-bath.  On  cooling  a 
crystalline  potassium  salt,  CiiHc,0.2N2K,  separated,  which  was  collected 
by  filtration,  purified  by  washing  with  a  little  methyl  alcohol,  and 
dried  on  a  porous  plate.  It  is  a  yellow,  crystalline  solid  readily 
soluble  in  water  : 

0-2195  gave  00788  K.^SO^.     K  =  1609. 

OjjHgOoNgK  requires  K  =  16-25  per  cent. 

The  free  acid  is  precipitated  as  a  white,  ci*ystalline  solid  on  adding 
dilute  hydrochloric  acid  to  a  solution  of  the  potassium  salt  in  water. 
It  was  collected  by  filtration,  dried  on  a  porous  plate  and  recrystallised 
from  warm  water.  Since  the  acid  rapidly  loses  carbon  dioxide  at  80°, 
it  is  necessary  that  the  aqueous  solution  should  be  considerably  below 
this  temperature.  Since,  however,  the  acid  is  readily  soluble  in  warm 
water  and  separates  again  on  cooling,  it  can  easily  be  recry.stallised  in 
quantities  without  raising  the  temperature  of  the  solution  above  60°. 
1  : 3-Diaminonaphthalene-2  carboxylic    acid    can    be   obtained   in   this 
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way  in  colourless  needles  melting  at  85°  with  immediate  elimination  of 
carbon  dioxide  : 

0-2258  gave  0-5374  CO.,  and  0-1064  H2O.     C  =  64-90  ;  H  =  5-27. 
C11H10O2N2  requires  C  =  65-3  ;  H  =  4-9  per  cent. 

The  carboxylic  acid  does  not  form  salts  with  acids. 

1  :  S-A^aphthi/lenediamine. 

This  base  was  prepared  from  the  above  cai'boxylic  acid  hj  heating  it 
at  100°  until  the  evolution  of  carbon  dioxide  liad  ceased.  The  opera- 
tion was  carried  out  in  a  small  flask  which  was  placed  in  a  bath  of 
sulphuric  acid  and  heated  to  tlie  requisite  temperature.  AVhen  the 
evolution  of  gas  had  ceased,  the  product  was  dissolved  in  dilute  hydro- 
chloric acid  and  the  deep  red  solution,  after  filtering,  rendered  alkaline 
with  caustic  potash.  The  base,  which  was  then  precipitated,  was 
recrystallised  from  water  and  obtained  in  small  plates,  usually  slightly 
red  in  colour,  which  melted  at  96°  : 

0-1622  gave  0-4520  CO2  and  0-0910  HgO.     C  =  76-00;  H  =  6-28. 
CjoHjoNo  requires  C  =  76-0;  H  =  6-3  per  cent. 

The  diacetyl  derivative,  CjQHgN2(C0-C  113)0  was  prepared  by  dissolving 
the  base  in  acetic  anhydride  and  heating  the  solution  on  the  sand-bath 
for  one  hour.  The  excess  of  the  anhydride  was  then  evaporated  by 
placing  the  solution  in  an  evacuated  desiccator  over  potash  until  solid. 
Recrystallised  from  acetic  acid,  it  was  obtained  in  fine  needles  melting 
at  263—265°  (Friedlander,  Ber.,  1895,  28,  1953)  : 

0-1693  gave  0-3826  CO2  and  01112  H2O.     C  =  61-64;  H  =  7-29. 
CjqFTj^OoN2  requites  C  =  6l-9;  H  =  7-2  per  cent. 

Formation  of  Ethyl  (i- Imino-a-cijano-y-j^henylval ernte, 
Ph-CHMe-C(:NH)-CH(CN)-C02Et. 

As  stated  in  the  introduction,  the  methylation  of  ethyl  ^-imino- 
a-cyano-y-phenylbutyrate  by  means  of  sodium  ethoxide  and  methyl 
iodide  in  alcoholic  solution  is  not  easily  accomplished.  The  difficulty 
is  probably  due  to  the  fact  that  the  unreactive  cliancter  of  the 
methylene  hydrogen  atom  causes  a  state  of  equilibrium  to  be  set  up 
between  the  sodium  ethoxide,  the  ethyl  salt  and  its  sodium  derivative, 
in  which  only  about  one-third  of  the  last-named  is  formed.  Thus,  by 
the  action  of  methyl  iodide  on  a  cold  mixture  of  equimolecular 
proportions  of  sodium  ethoxide  and  etiiyl  /J-imino-a-c^ano  y-phenyl- 
butyrate,  only  about  one-third  of  the  ethyl  salt  is  converted  into  its 
methyl  derivative.     Therefore,   in   order  to  complete  the  conversion, 
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the  process  of  methylation   was  repeated  four  times  in  the  following 
manner  : 

Ten  grams  of  the  ethyl  salt  were  arlded  to  a  solution  containing 
1  gram  of  sodium  dissolved  in  12  grams  of  alcohol,  and  the  whole, 
after  being  well  cooled,  treated  with  12  grams  of  methyl  iodide.  After 
standing  for  some  time  in  the  cold  the  mixture  was  heated  on  the 
water-bath  until  a  test  portion  diluted  with  water  gave  a  neutral 
reaction  with  litmu-^,  when,  after  the  excess  of  alcohol  and  unchanged 
methyl  iodide  had  bten  distilled  off  as  completely  as  possible  on  the 
water-l):ith,  a  further  quantity  of  sodium  ethoxide  made  by  dissolving 
1  gram  of  sodium  in  12  grams  of  alcohol  was  added,  and  the  solution 
ti'eatod  with  methyl  iodide  and  again  heated  until  neutral.  After  this 
process  had  been  repeated  four  times,  water  was  added  and  the  oil, 
which  then  separated  and  which  almost  immediately  solidified,  was 
filtered  by  the  aid  of  the  pump  and  purified  by  lecrystallisation  from 
alcohol.  Ethyl  (i-imino-a-cijano-y-plienylvalerate  is  obtained  iu  this  way 
in  large  needles  melting  at  92°  : 

0-1596  gave  04052  COo  and  00959  HoO.     C  =  69-24;  H  =  6-72. 
C,_jHj,.0.N2  requires  C  =  68-8  •  H  =  6-6  per  cent. 

Formation  of  a- riieni/ 1  propionic  Acid   and   AfaJonic  Acid  from   Ethyl 
(i- 1  mino-a-cyano-y-jyJienylvalerate. 

The  proof  of  the  constitution  of  ethyl  /3  imino-a  cyano  y-phenyl- 
y-methylbv;tyrate  was  derived  from  the  stutly  of  the  pi'oducts  formed 
from  it  on  alkaline  hydrolysis.  The  operation  was  cariied  out  as 
follows  : 

Five  grams  of  the  ethyl  salt  were  mixed  with  a  .solution  containing 
one-and-a-half  times  the  calculated  quantity  of  caustic  potash  dissolved 
in  methyl  alcohol  and  heated  on  the  water-bath  until  the  odour  of 
ammonia,  which  was  apparent  at  the  commencement  of  the  hydrolysis, 
had  entirely  disappeared.  The  product  was  then  diluted  with  water 
and  evaporated  on  the  water-bath  until  free  from  methyl  alcohol,  when 
it  was  acidified  with  concentrated  hydrochloric  acid  and  allowed  to 
stand.  Since  the  oil  which  separated  on  the  addition  of  the  acid 
.showed  no  tendency  to  crystallise,  the  solution  w.is  extracted  by  means  of 
ether  and  tlie  ethereal  solution, after  drying,  evapoi\xted  free  from  ether. 
The  oil  which  remained  was  then  distilled  under  the  ordinary  pressure 
and  was  found  to  boil  constantly  at  264 — 265'^,  at  which  temperature 
a-phenylpropionic  acid,  which  does  not  appear  to  be  a  solid  at  the 
ordinary  temperature,  boils  (Fittig  and  Wurster,  Annalen,  1879,  195, 
165)  : 

0-2100  ^ave  0-5.-).32  CO,  and  0-1295  IIjO.     C  =  71-84  ;   I[  =  6-85. 
CgHjoO.,  requires  C  =  72-0  ;  H  =  6-7  per  cent. 
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The  aqueous  solution  after  the  extraction  of  the  above  acid  was 
evaporated  to  dryness  and  extracted  in  a  Soxhlet  apparatus  with  ether. 
The  ethereal  solution  after  drying  was  evaporated  free  from  ether 
yielding  a  solid  residue  which  melted  at  132°  and  gave  acetic  acid  on 
distillation,  evidently  therefore  consisting  of  malonic  acid  : 

0-1774  gave  0-2237  COg  and  0-0622  H2O.     C  =  34-41  ;  H  =  3-90. 
CgH^O^  requires  0  =  34*6  ;  H  =  3-8  per  cent. 

The  above  analysis  indicates  that  the  substance  is  malonic  acid  and 
not  methylmalonic  acid,  and  therefore  shows  that  only  one  methyl 
group  had  entered  into  the  molecule  of  ethyl  y8-imino-a-cyano-y-phenyl- 
butyrate  on  its  being  completely  methylated  in  the  manner  already 
described. 

Owing  to  there  being  only  a  slight  difference  between  the  percentage 
compositions  of  ethyl  /J-imino-a-cyano-y-phenylbutyi-ate  and  its  methyl 
derivative,  this  fact  could  not  be  definitely  settled  on  the  results  of 
their  analysis  alone. 

Formation    of  Ethyl  2  :  A-Diamino-l-methT/lnaphthalene-S-carboxi/late, 

Me 


The  conversion  of  ethyl  ;8-imino-a-cyano-y-phenylvalerate  into  the 
above  derivative  of  naphthalene  takes  place  with  the  same  ease  as 
that  already  described  in  the  case  of  the  unmethylated  derivative. 
Five  grams  of  the  finely-ground  ethyl  salt  were  added  slowly  to  three 
times  its  weight  of  concentrated  sulphuric  acid  cooled  in  ice.  On  each 
addition,  the  salt  instantly  dissolved,  and  in  spite  of  the  low  tempera- 
ture the  sulphuric  acid  solution  became  deep  bluish-green.  When  all 
had  been  added,  the  solution  was  allowed  to  stand  for  two  or  three 
minutes  and  then  poured  on  ice.  The  deep  bluish-green  colour  of  the 
solution  was  instantly  discharged  on  mixing  with  the  ice,  forming 
a  clear  yellow  solution  from  which  the  sulphate,  C^^HjgOoNgjHgSO^,  of 
the  base  slowly  separated  on  standing  as  a  pale  yellow,  crystalline 
precipitate : 

0-1708  gave  0-3064  COg  and  00828  H2O.     C  =  48-92  ;  H  =  5-42. 
Ci^H^gOgNg.HgSO^  requires  C  =  49-l  ;  H  =  5-3  per  cent. 

The  sulphate  is  readily  soluble  in  hot  water,  but  separates  from  its 
concentrated  solutions  in  this  solvent  on  cooling.  An  aqueous  solution 
of  the  salt  at  0°  is  nearly  colourless,  but  becomes  a  deep  yellow  on 
being  heated  to  the  boiling  point.     On  being  again  cooled,  the  colour 
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i8  discharged.  The  sulphate  is  insoluble  in  alcohol  and  this  fact  can 
be  utilised  in  its  formation,  since  on  pouring  the  bluish-green  sulphuiic 
acid  solution  into  three  times  its  volume  of  well-cooled  absolute  alcohol, 
the  salt  is  completely  precipitated  and  can  be  isolated  by  filtration. 
The  free  base  was  prepared  by  dissolving  the  sulphate  in  water  and 
adding  ammonia  until  strongly  alkaline.  The  deep  yellow  oil  which 
was  then  precipitated  did  not  show  any  signs  of  crystallising,  and  was 
therefore  extracted  by  means  of  ether,  the  ethereal  solution  being 
washed  with  a  little  water,  dried  with  calcium  chloride,  and  evaporated. 
The  yellow  syrup  which  remained  instantly  solidified  on  scratching, 
forming  a  deep  yellow  solid,  which  was  recrystallised  from  methyl 
alcohol  and  thus  obtained  in  orange-yellow  prisms  melting  at  75°  : 

0-1676  gave  0-4245  COg  and  0-1017  HgO.     C  =  69-08;  H  =  6-74. 
Cj^Hjq0.2No  requires  C  =  68-8  ;  H  =  66  per  cent. 

Ethyl  2  : 4-diamino-l-methylnaphthalene-3-carboxylate  is  readily 
soluble  in  cold  ether  and  can  in  this  way  be  distinguished  from  the 
lower  homologue.  It  is  also  soluble  in  all  the  usual  organic  solvents 
excepting  light  petroleum,  and  is  readily  oxidised,  but  is  not  altered 
on  exposure  to  the  air  so  rapidly  as  ethyl  1  :  3-diaminonaphthalene-2- 
carboxylate. 

Formation      of     2 :  \-Diamino-\-methyl7iaphthalene-Z-carboxylic    Acid, 

Me 


This  acid  was  prepared  from  the  ethyl  salt  by  the  action  of  alcoholic 
potash.  Kthyl  2  :  4  diamino-l-methylnaphthalene-3-carboxylate  was 
added  to  a  solution  containing  one  and  a  half  times  the  calculated 
quantity  of  potash  dissolved  in  methyl  alcohol  and  the  mixture  heated 
on  the  water-bath  until  a  test  portion  diluted  with  water  remained 
clear.  Water  was  then  added  and  the  solution  evaporated  on  the 
water-bath  until  free  from  methyl  alcohol,  when  it  was  acidiOed,  and 
the  colourless,  glistening  leaflets  of  the  acid  which  then  separated 
collected  by  filtration.  The  acid,  which  is  slowly  decomposed  by 
boiling  water,  was  recrystallised  rapidly  from  hot  water,  and  obtained 
in  this  way  in  colourless  needles  which  decomposed  with  evolution  of 
carbon  dioxide  at  155 — 160°  apparently  without  melting  : 

0-1697  gave  0-4139  CO.^  and  0-0875  HjO.     0  =  6652;  H  =  5-73. 
C12HJ2O0N2  requires  C  =  66'7  ;  H  =  5-6  per  cent. 
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Formation  of  2  :  A-Biamino-1-methyhiaphthalene, 


NH, 


This  base  was  prepared  from  the  carboxylic  acid  by  heating  it  for 
some  time  at  180°.  The  finely-ground  and  purified  acid  was  placed  in 
a  small  flask  and  heated  in  a  bath  of  sulphuric  acid  at  the  required 
temperature  nntil  carbonic  acid  ceased  to  be  evolved,  when  the 
residue  was  treated  with  dilute  hydrochloric  acid,  and  the  deep  red 
solution  thus  formed  boiled  with  animal  charcoal  and  filtered.  On 
adding  dilute  aqueous  caustic  soda  to  the  filtrate,  the  base  was 
precipitated  as  a  resin,  which  did  not  crystallise  on  standing.  It  was 
therefore  dissolved  in  concentrated  hydrochloric  acid  and  the  solution 
allowed  to  stand,  when  the  hydrochloride,  Q-^-^K-^^^,2'S.Q\,  slowly 
separated  in  white,  silky  needles : 

0-2117  gave  0-2467  AgCI.     01  =  28-91. 

CiiHj2N2,2H01  requires  01  =  29-0  per  cent. 

The  hydrochloride  readily  dissolved  in  water,  and  the  solution  on 
being  made  alkaline  with  caustic  soda  solution  deposited  the  base 
as  a  white  solid,  which,  when  recrystallised  from  dilute  methyl  alcohol, 
was  obtained  in  fine,  white  needles  melting  at  65°  : 

01912  gave  0-5358  OOg  and  0-1245  U.fi.     0  =  76-43  ;  H  =  723. 
C^jHjgNg  requires  0  =  76-7;  H  =  7-0  per  cent. 

The  base  becomes  slowly  coloured  on  exposure  to  air  and  light. 

The  jo^a^mic/i/oricZe,  Oj^HjgN2>H^2-^^^'fi'  ^^  precipitated  as  a  yellow, 
crystalline  powder  on  adding  excess  of  platinic  chloride  to  a  solution 
of  the  hydrochloride  of  the  base  in  water  : 

0  2513  gave  0-0839  Pt.     Pt-33-38. 

Oj^Hj^NgjHoPtOl,;  requires  Pt  =  33-5  per  cent. 

Formation  of  Ethyl  ji-Imino-a-cyano-y-phenyl-x\-heToate, 
Ph-OHEfO(:NH)-OH(ON)-COoEt. 

The  preparation  of  the  ethyl  derivative  of  ethyl  /?-imino-a-cyano-'y- 
phenylbutyrate  was  undertaken  in  order  to  show  conclusively  that  only 
one  alkyl  group  could  be  introduced  into  this  compound  by  the  action 
of  sodium  ethoxide  and  an  alkyl  iodide.  The  process  adopted  was  the 
same  as  that  already  described  in  the  case  of  the  methyl  derivative, 
only  in  the  present  instance  even  greater  difficulty  was  experienced  in 
introducing   the    alkyl    group,   and,  after  the    process    of    ethylr.tion 
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had  been  repeated  four  times,  considerable  quantities  of  unchanged 
eth}'l  salt  were  recovered.  The  actual  operation  was  carried  out  as 
follows :  10  grams  of  ethyl  ^-imino-a-cyano-y-phenylbutyrate  were 
added  to  a  solution  containing  2  grams  of  sodium  in  30  grams  of 
alcohol,  which,  after  being  well  cooled,  was  mixed  with  24  grams  of 
ethyl  iodide  and  warmed  on  the  water-bath  i;ntil  a  test  portion  diluted 
with  water  showed  a  neutral  reaction  to  litmus.  The  excess  of  alcohol 
and  ethyl  iodide  was  then  distilled  off  as  far  as  possible  on  the  waLer- 
bath  and  the  above  process  again  repeated.  When  the  treatment  had 
been  carried  out  four  times,  water  was  added,  and  the  oil,  wdiich  was 
then  precipitated  and  which  solidified  on  standing,  separated  by 
filtration.  In  the  first  place,  the  solid  was  recrystallised  from  dilute 
methyl  alcohol,  from  which  solvent  it  separated  in  needles  having 
a  melting  point  of  60  —  80°.  These  were  then  gi'ound  with  cold 
benzene,  in  which  a  considerable  quantity  dissolved,  leaving  a  residue 
which  melted  at  124—125°. 

The  following  analysis  showed  this  substance  to  be  unchanged  ethyl 
/^-imino-a-cyano-y-phenylbutyrate  : 

0-1554  gave  0-3888  CO^  and  0-0903  H,0.     C  =  68-23  ;  H  =  6-50. 
C^gHj^OgNg  requires  C  =  67-8  ;  H  =  6-1  per  cent. 

The  benzene  filtrate  on  evaporation  left  a  residue  which  melted  at 
60 — 65°,  which  was  again  ground  with  cold  benzene  yielding  a 
further  small  quantity  of  unchanged  ethyl  /?-imino-a-cyano-'y-phenyl- 
butyrate. 

The  benzene  solution  from  this  second  separation  gave  a  product 
which  melted  at  60 — 61°.  This  was  finally  recrystallised  from  methyl 
alcohol,  pure  ethyl  (3-imi?io-a-cyano-y-pheni/l-n-hexoate  being  thus  obtained 
in  small  prisms  melting  at  60""  : 

0-1564  gave  0-3990  CO..  and  00996  H.O.     0  =  6958;  H  =  7-12. 
C^jHjgO^Ng  requires  C  =  69-8  ;  H=  7-0  per  cent. 

Formation     of     a-PIienylbutyric      Acid,     Ph'CH(Et)"COoH,      and 
Malonic  Acid  from  Elliyl  ^-Iinino-a-cyano-y-2)henyl-n-hexoate. 

The  position  of  the  ethyl  group  in  ethyl  ^-imino-a-cyano-yphenyl- 
ethylbutyrate  was  determined  by  the  products  formed  on  its  com- 
plete hydrolysis  with  methyl  alcoholic  potash.  Five  grams  of  the 
ethyl  salt  were  heated  on  the  water-bath  with  a  solution  containing 
one-and-a-half  times  the  calculated  quantity  of  caustic  potash  dissolved 
in  methyl  alcohol  until  the  odour  of  ammonia  has  ceased  to  be  apparent. 
Water  was  then  added  and  the  solution  evaporated  on  the  water-bath 
until  free  from  methyl  alcohol,  when  it  was  acidified  with  hydrochloric 
acid  and  the  pioduct   allowed  to  stand.     The  oil    which    was  first  pre- 
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cipitated  on  the  addition  of  the  acid  became  solid  on  standing  and  was 
isolated  by  filtration.  Recry&tallised  from  dilute  alcohol  it  was 
obtained  in  crystals  melting  at  4'2°  which  is  the  con-ect  melting  point 
of  a-phenylbutyric  acid  (Neure,  Annalen,  1889,  250,  154)  : 

0-2001  gave  0-5358  CO^  and  01333  HgO.     0  =  7303;  H  =  7-40. 
CjQH^oOg  requii'es  C  =  73-2  ;  H  =  7*3  per  cent. 

The  aqueous  filtrate  after  extraction  with  ether  was  evaporated  to 
dryness  on  the  water-bath,  and  the  residue  extracted  in  a  Soxhlet 
apparatus  with  ether.  The  ether  solution,  after  being  dried  with 
calcium  chloride,  was  evaporated  free  from  ether,  yielding  a  white  solid 
melting  at  132°,  which  was  converted  on  distillation  into  acetic 
acid.  It  was  evidently,  therefore,  malonic  acid,  and  its  formation 
together  with  that  of  a-phenjlbutyric  acid  indicates  clearly  that  the 
ethyl  group  in  ethyl  /3-imino  a-cyano-y-phenyl-y-ethylbutyrate  is  at- 
tached to  the  same  carbon  atom  as  is  the  benzene  nucleus. 

Formation  of  Ethyl  2  :  i:-  Diaminol-ethi/lnaphlhalene-S-carboxi/late, 

Et 


■2 

The  conversion  of  ethyl  /?-imino-a-cyano-y-phenyl-?i-hexoate  into  the 
above  derivative  of  naf)hthalene  was  accomplished  in  the  following 
manner.  The  finely-ground  ethyl  salt  was  added  gradually  to  three 
times  its  weight  of  concentrated  sulphuric  acid,  the  acid  being  kept 
well  cooled  in  ice  through  the  addition.  When  all  had  been  added, 
the  sulphuric  acid  solution,  which  had  become  deep  indigo  blue  in 
colour,  was  allowed  to  stand  at  the  ordinary  temperature  for  about 
two  minutes,  when  it  was  poured  on  to  ice.  On  coming  in  contact 
with  the  ice  the  blue  colour  of  the  solution  instantly  disappeared, 
forming  a  light  yellow  solution  from  which,  however,  no  separation  of 
the  sulphate  of  the  base  took  place  on  standing.  The  clear  solution 
was  therefore  made  alkaline  with  ammonia  and  the  yellow  oil,  which 
was  then  precipitated,  extracted  by  means  of  ether.  In  order  further 
to  purify  the  base,  this  ethereal  solution  was  extracted  twice  with 
dilute  sulphuric  acid,  and  the  sulphuric  acid  extract  made  alkaline 
with  ammonia.  The  yellow  oil  precipitated  in  this  way,  and  which 
became  solid  on  standing,  was  collected  by  filtration  and  recrystallised 
from  dilute  methyl  alcohol,  being  obtained  in  small  yellow  prisms 
melting  at  63°  : 

0-1282  gave  0-3298  CO,  and  0-0832  H/J.     C  =  70-16  ;  H  =  7-21. 
C^jH^gOgNg  requiies  0  =  698;  H  =  70  per  cent. 
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The  hydrochloride^  Cj5Hjg02N2,2HCl,  is  prepared  by  dissolving  the 
base  in  concentrated  hydrochloric  acid,  and  allowing  the  solution  to 
stand.     It  consists  of  almost  colourless  needles  : 

0-2102  gave  0-1838  AgCl.     01  =  21-67. 

Ci5HjgOoN2,2HCl  requires  CI  =  21 -5  per  cent. 

Formation  of  1  :^.-Diamino-\-ethylnaphthalene-Z-carhoxylic  Acid, 

Et 


NH, 

In  order  to  prepare  this  acid,  4  grams  of  the  ethyl  salt  were  mixed 
with  a  methyl  alcoholic  solution  of  one-and-a-half  times  the  calculated 
quantity  of  potash,  and  heated  on  the  water-bath  until  a  test  portion 
was  completely  soluble  in  water.  The  product  was  then  diluted  with 
water  and  evaporated  on  the  water-bath  until  free  from  methyl 
alcohol,  when  dilute  hydrochloric  acid  was  added  and  the  pi'ecipitate, 
which  then  separated,  isolated  by  filtration.  The  acid,  like  those 
already  described,  is  rapidly  decomposed  by  boiling  water.  It  was 
therefore  cx-ystallised  by  dissolving  it  in  water  at  60°  and  allowing  the 
solution  to  cool,  when  the  acid  separated  in  small  leaflets  which  melted 
and  decomposed  at  about  130°,  the  observed  melting  point,  however, 
varied  from  128 — 133°  with  the  same  specimen,  depending  on  the 
rapidity  with  which  the  temperature  was  raised  : 

0-1729  gave  0-4281  COg  and  0-0969  H^O.     0  =  67-52;  H  =  6-22. 
OigHj^O^Ng  requires  0  =  67-8  ;  H  =  6-1  per  cent. 

Formation  of  2  :  i-Diamino-l'ethylnapht/Mlene. 

Et 


This  base  was  prepared  by  heating  the  carboxylic  acid  a  few  degrees 
above  its  melting  point.  The  acid  was  placed  in  a  small  flask  and 
heated  iu  a  bath  of  sulphuric  acid  at  150°  until  the  evolution  of  carbon 
dioxide  ceased.  The  residue,  which  consisted  of  a  viscid  red  gum, 
was  dissolved  in  dilute  hydrochloric  acid  and  the  solution,  after  being 
filtered,  made  alkaline  with  dilute  aqueous  caustic  soda.  The  precipitated 
base,  which  solidified  on  stmding,  was  then  collected  by  filtration  and 
recry.stallised  from  dilute  methyl  alcohol,  being  obtained  in  glistening 
plates  melting  at  74°  : 
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0-1812  gave  0-5127  CO,  and  0-1256  HoO.     0  =  77-17;  H  =  7-70. 
(J^oHj-N^,  requires  0  =  774;  H  =  7-5  per  cent. 

The  hyJruchloride,  0^2^14^0,21101,  is  precipitated  as  a  white,  crystal- 
line powder  on  dissolving  the  base  in  concentrated  hydrochloi-ic  acid 
and  allowing  the  solution  to  stand  for  some  time  : 

0-2207  gave  0-2429  AgOl.     01  =  27-31. 

Oj2Hi^N^,2H01  requires  01  =  27-4  per  cent. 

The  ])latinichlo7'ide,  OjjHj^NgjH^PtOl^,  is  formed  when  a  solution  of 
the  hydrochloride  is  mixed  with  an  aqueous  solution  of  platinic  chloride. 
It  is  a  yellow,  crystalline  powder  : 

0-2401  gave  0-0781  Pt.     Pt  =  32-53. 

Cj.^Hj^Na.HgPtCl^  requires  Pt  =  32-7  per  tent. 

ConJenscUion  of  Benzol  Cyanide  with  its  Sodium  Derivative. 

As  mentioned  in  the  introduction,  this  condensation  was  carried  out 
in  three  different  ways,  the  nitrile  being  heated  with  its  sodium  deriv- 
ative in  alcoholic  solution  at  100°  for  (1)  half  an  hour,  (2)  two  hours, 
(3)  twenty-four  hours. 

(1)   Formation  of  ji-Imino-a.-cya)W-ay-dip]ien)jlpropane, 
OHoPh-0(:NH)-OH(ON)Ph. 

After  a  number  of  preliminary  experiments  it  was  ascertained  that 
this  substance  was  produced  in  the  greatest  yields  in  the  following 
way.  11-5  grams  of  sodium  were  dissolved  in  130  grams  of  alcohol 
and  mixed  with  117  grams  of  benzyl  cyanide,  the  whole  beiog  heated 
on  the  water-bath  for  half  an  hour.  After  this  time  the  contents  of 
the  flask,  which  had  a  slight  odour  resembling  ammonia,  were  mixed 
with  water  and  the  oil  which  then  separated  exti-acted  with  ether.  The 
ethereal  solution  after  being  freed  from  alcohol  by  washing  with  water 
was,  without  drying,  evaporated  free  from  ether,  and  then  after  being 
mixed  with  water  distilled  in  a  current  of  steam  until  all  unchanged 
benzyl  cyanide  had  passed  over.  The  residue,  which  consisted  of  a  viscid 
oil,  was  then  extracted  by  means  of  ether,  and  the  ethereal  solution,  after 
being  dried  with  calcium  chloride,  evaporated  free  from  ether.  The  oil 
which  remained  was  rapidly  distilled  under  reduced  pressure  and  was 
found  to  boil  at  274°/20  mm.,  passing  over  as  a  colourless  syrup  : 

0-2016  gave  0-6070  OOo  and  0-1111  H2O.     0  =  82-12  ;  H  =  6-17. 
Oi^Hj^Ng  requires  0  =  82-0;  N  =  6-0  per  cent. 

The  identity  of  this  compound  with  that  prepared  by  E.  v.  Meyer  was 
shown  by  the  fact  that  with  hydroxylamine  it  gave  an  oxirae  melting 
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at  107",  identical  with  that  formed  by  the  action  of  this  reagent  on  the 
ketone,  0H2Ph-C0-CH(CN)Ph.  Even  when  carefully  purified  by  dis- 
tillation /S-imino-a-cyano-ay-diphenylpropane  is  a  viscid  liquid  and 
shows  no  tendency  to  become  crystalline. 

(2)  Formation  of  (3-Tniino-a-ci/ano-ay-diphenylpropane, 
CH.2Ph-C(:NH)-CH(CN)Ph. 
^-Keto-a-cyano-ay-dipJienylpropmie,      C  H2Ph'C0*CH(CN)Ph.        Cyan- 
henzyline  {6-A'mino-5-phenyl-2  :  ^-dihenzylpyrhnidine)  and  Ethylamine. 

In  this  experiment  the  reacting  substances  were  mixed  in  the  same 
proportions  as  in  experiment  (1)  but  were  heated  on  the  water-bath  for 
two  hours.  The  odour  resembling  ammonia  which  was  apparent  at 
the  end  of  the  first  half  hour,  became  very  marked  on  further  heating, 
the  contents  of  the  flask  becoming  at  the  same  time  dark  red.  At  the 
end  of  the  specified  time  a  small  quantity  of  alcohol  was  distilled  over 
and  collected  in  dilute  hydrochloric  acid,  the  solution  evaporated  on 
the  water-bath  to  a  small  bulk  and  mixed  with  excess  of  a  solution 
of  platinic  chloride.  On  adding  a  little  alcohol  to  the  mixture  a 
yellow  precipitate  separated  out  which  was  collected  by  filtration  and 
recrystallised  from  a  little  hot  water,  being  thus  obtained  in  yellow 
cubes.  The  following  analysis  showed  it  to  be  the  platinichloride  of 
ethylamine  : 

0-2713  gave  0-1054  Pt.     Pt  =  38-85. 

(C2H5NH2)2,H2PtClg  requires  Pt  =  39-0  per  cent. 

As  soon  as  the  small  quantity  of  alcohol  necessary  for  the  above 
experiment  had  been  distilled  over,  the  alcohol  solution  without  further 
evaporation  was  mixed  with  water,  acidified  with  dilute  hydrochloi-ic 
acid  and  extracted  with  ether.  The  ethereal  solution  after  being 
washed  with  water  to  remo/e  alcohol  was  thoroughly  shaken  with  a 
solution  of  three  volumes  of  concentrated  hydrochloric  acid  to  one  of 
water. 

It  was  found  that  by  shaking  the  ethereal  solution  with  this  mixture 
the  cyanbenzyline  could  be  completely  extracted  in  the  form  of  its 
hydrochloride.  This  hydrochloride,  which  is  a  viscid  liijuid  under 
ordinary  conditions,  is  quite  insoluble  in  both  dilute  hydrochloric  acid 
and  in  ether.  Therefore  on  shaking  the  ethereal  solution  with  the 
dilute  acid  three  layers  are  formed,  an  upper  layer  consisting  of 
ethereal  solution  from  which  the  hydrochloride  has  been  extracted,  a 
middle  layer  consisting  of  this  hydrochloride  in  the  form  of  a  viscid 
oil  and  a  lower  aqueous  layer  of  dilute  hydrochloric  acid.  The  three 
layers  were  completely  separated  in  the  separating  funnel,  and  it  was 
found  that  on  repeating  the  process  three  times  the  whole  of  the  cyan- 
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benzyline  present  was  extracted  from  the  solution.  The  oily  hydro- 
chloride on  warming  on  the  water-bath  with  excess  of  sodium  carbonate 
solution  yielded  cyanbenzyline  as  a  crystalline  mass  which  when 
recrystallised  from  absolute  alcohol  or  from  light  petroleum  (b.  p. 
90 — 100°)  was  obtained  in  slender  needles  melting  at  107°  : 

0-2076  gave  0-6250  COg  and  0-1160  HgO.     0  =  82-11 ;  H  =  6-25. 
Cg^Hjj^Ng  requires  C  =  82-0  ;  H  =  6-0  per  cent. 

The  properties  of  cyanbenzyline  have  already  been  described  by  the 
investigators  mentioned  in  the  introduction.  In  addition  to  the 
published  data  concerning  this  substance,  we  find  that  it  can  be 
distilled  under  diminished  pressure  without  undergoing  any  decom- 
position, passing  over  at  307°  (20  mm.)  as  a  colourless  oil  which  sets 
to  a  highly  refractive  colourless  glass  on  cooling.  On  dissolving  this 
glass  in  hot  alcohol  the  solution  deposits  the  original  cyanbenzyline  on 
cooling.* 

The  hydrochloride,  Cj^Hj^NgjIICl,  was  obtained  as  a  crystalline  solid 
in  the  following  way  :  cyanbenzyline  was  dissolved  in  absolute  alcohol 
containing  a  small  quantity  of  concentrated  hydrochloric  acid  in  which 
mixture  it  is  readily  soluble.  Water  was  then  added  until  a  clear 
solution  just  remained,  when,  on  standing,  the  hydrochloride  separated 
in  small,  colourless  needles  : 

0-1690  gave  0-0640  AgCl.     CI  =  9-39. 

^24^2i-^3'-^^^  requires  01  =  9-2  per  cent. 

Cyanbenzyline  is  converted  into  6-hydroxy-5-phenyl-2 :  4-dibenzyl- 
pyrimidine  on  heating  it  with  a  10  per  cent,  sulphuric  acid  for  twenty- 
four  hours.  This  substance,  which  was  originally  prepared  by  Wache 
{J.  pr.  Chem.,  1889,  [ii],  S9,  251),  crystallises  from  alcohol  in  small 
needles  and  melts  at  187°  : 

0-1540  gave  0-4646  COg  and  0-0816  H2O.     C  =  82-28  ;  H  =  5-93. 
0-2710     „     18-8  c.c.  nitrogen  at  20°  and  752  mm.    N  =  7-88, 
C24H20ON2  requires  0  =  81-8;  H  =  5-7;  N  =  7*9  per  cent. 

The  ethereal  solution  after  the  extraction  of  cyanbenzyline  was, 
without  drying,  evaporated  free  from  ether  and  the  residue  distilled  in 
a  current  of  steam  until  free  from  the  small  quantity  of  unchanged 

*  The  stability  of  cyanbenzyline  is  such  that  it  can  be  distilled  at  the  ordinary 
pressure  without  undergoing  decomposition  boiling  under  these  conditions  above 
400°  When  once  melted,  it  cools  to  a  clear  glass,  which  does  not  become  crystalline 
except  on  long  standing.  We  have  found  this  substance  extremely  useful  for 
determining  the  melting  points  of  compounds  between  230°  and  380°,  for  which 
purpose  it  is  well  adapted  since  it  does  not  fume  and  does  not  become  coloiu-ed 
luiless  kept  near  its  boiling  point  for  some  considerable  time. 
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benzyrcyanide,  when  it  was  again  extracted  with  ether,  the  ethereal 
sohition  dried  by  means  of  calcium  chloride  and  the  ether  evaporated. 
The  residue,  which  consisted  of  a  viscid  oil,  yielded  two  chief  fractions 
on  distillation  under  diminished  pressure.  The  lower  fraction  which 
boiled  at  225—230°  (20  mm.)  solidified  on  cooling  and  was  purified 
by  recrystallisation  from  a  mixture  of  benzene  and  light  petroleum 
(b.  p.  70—80°)  being  obtained  in  needle  clusters,  melting  at  86°  : 

0-1566  gave  0-4712  CO2  and  0-0800  H.O.     C  =  8206  ;  H  =  5-71. 

0-2406     ,,     12  c.c.  nitrogen  at  20°  and  756-5  mm.     N  =  5-70. 
CjcHjgON  requires  0  =  81-7;  H  =  5-5  ;  N  =  6-0  per  cent. 

The  analysis  and  melting  point  show  this  substance  to  be  /S-keto- 
a-cyano-ay-diphenylpropane,  originally  prepared  by  v.  Meyer  {J.  j^r. 
Ch^m.,  1895,  [ii],  &2,  115),  by  the  action  of  sodium  ethoxide  on  a 
mixture  of  ethyl  phenylacetate  and  benzyl  cyanide,  a  view  which  was 
confirmed  by  its  conversion  into  the  oxime  (m.  p.  107°)  by  the  action 
of  hydroxylamine. 

The  higher  fraction  which  boiled  constantly  at  274°  (20  mm.)  did 
not  solidify  on  standing,  but  from  the  following  analysis  evidently 
consisted  of  /S-imino-a-cyano-ay-diphenylpropane  : 

0-2013  gave  0-6042  COaand^O-l  110  HgO.     C  =  81-86;  H  =  6-12. 
CigHhNo  requires  C  =  82-0  3  H  -  6-0  per  cent. 

(3)  Formation  of  ^-Keto-a-cyano-ay-diphmiylp'opane  and  Cyanbenzyline. 
In   this    experiment   the   mixture  of   benzyl   cyanide  and  sodium 
ethoxide  in  alcoholic   solution  was  heated  for  twenty-four   hours  at 
100°,    when    the   odour   of  ethylamine   was   hardly   apparent.      The 
product   was   mixed   with  water  and  the  oil,  which  then  separated, 
extracted   with    ether.     The    ethereal   solution,   after    being   washed 
with    water    to    remove    alcohol,   was    thoroughly    washed    with    a 
mixture   of  three  parts  of  concentrated  hydrochloric  acid  to  one   of 
water,  when  the  hydrochloride  of  cyanbenzyline  separated  as  a  middle 
layer    in    the    manner  already    described.     From    this    oily    hydro- 
chloride the  free   base  was   isolated   by  means  of   sodium   caibonale 
-.he  yield  of  cyanbenzyline  obtained  in  this  way  being  about  60  per 
ient.  of  that  theoretically  possible.     The  ethereal  solution,  after  being 
Ined  by  means  of  calcium  chloride,  was  evaporated  free  from  ether 
nd  distilled  under  diminished  pressure.     It  was  found  to  boil  con- 
tantly  at  225—230°  (20  mm.),  and  on  cooling  solidified  to  a  crystal- 
ne  cake  which  when  recrystallised  from  a  mixture  of  benzene  and 
ght  petroleum  (b.  p.   70-80°)   yielded  )8-keto-a-cyano-ay-dipheuyl- 
ropane,  melting  at  86°.     There  is,  therefore,  apparently  no  /S-iniino-a- 
^ano-ay-diphenylpropane  formed  under  these  experimental  conditions, 
I  U   L   2 
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the  amount  produced  in  the  first  instance  having  either  condensed  with 
unchanged  benzyl  cyanide  to  form  cyanbenzyline,  or  having  passed 
into  /3-keto-a-cyano-ay-diphenylpropane  thrpugh  the  "  hydrolysis "  of 
the  imino-group. 


Formation  of  1  :  Z-Diamino-2-phenylnaphthaUne, 

The  transformation  of  /3-imino-acyano-ay-diphenylpropane  into 
1  : 3-diamino-2 -phenyl naphthalene  was  effected  in  the  following 
manner  :  five  grams  of  the  liquid  nitrile  were  added  gradually  to 
15  grams  of  concentrated  sulphuric  acid,  the  solution  being  kept  well 
cooled  throughout  the  addition,  since  the  liquid,  which  dissolved  rapidly 
in  the  concentrated  acid,  caused  a  considerable  rise  in  temperature. 
When  all  had  dissolved,  the  solution,  which  was  dark  brown,  was 
allowed  to  stand  at  the  ordinary  temperature  for  from  three  to  four 
minutes  and  then  poured  into  a  large  volume  of  water.  The  solution 
thus  obtained,  after  being  filtered  to  remove  any  impurities,  was  made 
alkaline  with  ammonia,  and  the  base,  which  was  then  precipitated, 
collected  by  filtration  and  purified  by  recrystallisation  from  methyl 
alcohol  or  benzene.  1  : 3-Diamino-2-])henylnaphthalene  crystallises  in 
colourless,  glistening  plates  melting  at  116°  : 

0-1564  gave  0-4699  COg  and  0-0853  HgO.     0  =  81-94;  H  =  6-10. 
0-3238     „     32-6  c.c.  nitrogen  at  15-8°  and  758-4  mm.     N  =  11-73. 
CigH^^Ng  requires  0  =  82-0;  H  =  6-0  ;  N  =  1 2-0  per  cent. 

The  base  becomes  slowly  coloured  red  on  exposure  to  the  air.  It  is 
easily  soluble  in  alcohol  or  benzene,  sparingly  so  in  cold  ether,  and 
insoluble  in  light  petroleum.  Its  solutions  exhibit  a  marked  blue 
fluorescence. 

The  hydrochloride  is  precipitated  in  fine  feathei*-like  needles  on  dis- 
solving the  base  in  a  little  dilute  hydrochloric  acid,  and,  after  adding 
an  equal  volume  of  concentrated  hydrochloric  acid,  allowing  the  solu- 
tion to  stand : 


0-221 1  gave  0-2043  AgCl.     01  =  22-92. 

OigHi4N2,2H01  requires  01  =  23-1  per 


cent. 


The  hydrochloride  is  rapidly  coloured  red  on  exposure  to  light. 

The  diacetyl  derivative,  0]8Hj2N2(Ac)2,  is  best  prepared  by  boiling 
the  base  with  excess  of  acetyl  chloride  until  all  has  passed  into  solu- 
tion. A  considerable  quantity  of  acetyl  chloride  is  necessary  for  this 
purpose,  since  the  acetyl  derivative  is  only  sparingly  soluble  in  this 
reaeent.     When  all  had  dissolved  the  solution  was  cooled  and  allowed 
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to  stand,  the  crystalline  precipitate  which  then  separated  being 
isolated  by  filtration  and  purified  by  dissolving  in  alcohol  and  diluting 
the  solution  with  water.  On  standing,  the  acetyl  derivative  separated 
in  small  needles,  melting  at  267°  : 

0-1743  gave  0-4805  COg  and  0-0928  HgO.     C  =  75-18;  H  =  5-96. 
CgoHjgOgNg  requires  0  =  75*5  ;  H  =  5-7  per  cent. 

The  acetyl  acetone, OjgHj3NoAc,OH3"C02H,  was  formed  in  an  attempt 
to  prepare  the  diacetyl  derivative  by  the  action  of  acetic  anhydride  on 
the  base. 

1  : 3-Diamino-2-phenylnaphthalene  was  boiled  with  excess  of  acetic 
anhydride  for  two  hours  and  the  solution  evaporated  in  an  evacuated 
desiccator  over  caustic  potash.  The  gummy  residue  became  completely 
solid  on  scratching,  and  when  recrystallised  from  absolute  alcohol  was 
obtained  in  small  prisms  melting  at  185°  : 

I.  0-1847  gave  0-4864  00^  and  0-0969  H^O.    0  =  71-82;  H=^5-87 
II.  0-1872     „     0-4931  CO2    „    0-0988  H2O.    0  =  71-84;  H  =  5-90. 
CooHgoOgNg  requires  0  =  71-4;  H  =  5-9  per  cent. 

Other  derivatives  of  this  base  are  still  under  investigation. 

Much  of  the  expense  entailed  by  this  research  has  been  met  by  a 
grant  from  the  Government  Grant  Oommittee  of  the  Royal  Society,  for 
which  we  desire  to  express  our  indebtedness. 

Manchester  University. 


CLXXXVl. — A    New  Trinitroacetaminophenol   and   ^ts 
use  as  a  Synthetical  Agent. 

By  Raphael  Meldola,  F.R.S. 

In  the  course  of  some  experiments  having  for  their  object  the 
preparation  of  Reverdin's  dinitroaminophenol  of  m.  p.  230 — 231°, 
referred  to  in  a  former  paper  by  one  of  the  authors  and  F.  G.  0. 
Stephens  (Trans.,  1905,  87,  1206),  it  was  found  that  the  nitration  of 
diacetyl-/)-aminophenol  (;>acetaminophenyl  acetate)  gave  rise  under 
most  conditions  to  the  mononitro-derivative,  OAc  :  NOj  :  NHAc  = 
1:3:4,  corresponding  to  the  m-nitro7^-anjii)0[)henol  of  Iliilile  {J.  jn-. 
Cliem.,  1891,  [ii],  4?,  03;  see  also  the  recent  paper  by  Reverdin  jtnd 
Bucky,  Ber.,  I'JOO,  39,  2687).     In  attempting  to   nitrate  this  iiionu- 
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nitrodiacetyl-/)-aminophenol  so  as  to  obtain  the  required  dinitro- 
compound,  it  was  found  that  under  certain  conditions  a  trinitro- 
derivative  was  produced,  and  as  this  compound  was  found  to  possess 
remarkably  active  properties  as  a  synthetical  agent,  it  has  been  and 
is  being  made  the  subject  of  a  special  investigation.  Some  of  the 
results  so  far  obtained  are  made  known  in  the  present  paper. 

In  order  to  prepare  the  new  trinitro-compound,  fuming  nitric  acid 
is  mixed  with  an  equal  volume  of  strong  sulphuric  acid  and  the 
mixture  cooled  by  immersion  of  the  beaker  in  melting  ice.  The  mono- 
nitrodiacetyl  compound  is  introduced  into  the  mixed  acids  in  small 
portions  until  the  solution  is  nearly  saturated,  and  the  trinitro- 
compound  is  then  precipitated  by  pouring  the  acid  solution  on  to  ice. 
The  product,  after  being  collected  and  washed,  is  best  purified  by 
crystallisation  from  glacial  acetic  acid.  It  crystallises  in  yellow  needles 
melting  with  decomposition  at  178 — 179°.^  The  compound  is  soluble 
in  boiling  alcohol  or  acetone,  and  dissolves  slightly  in  boiling  water, 
from  which  it  separates  on  cooling  in  slender,  yellow  needles  : 

0-0887  gave  14-9  c.c.  moist  nitrogen  at  15°  and  753-8  mm.    N  =  19-51. 
0-1037     „     16-9  c.c.  „  12°    „    759-8  mm.    N  =  19-34. 

OgHgOglSr^  requires  N  =  19-63  per  cent. 

It  is  not  absolutely  necessary  in  preparing  this  compound  to  divide 
the  process  of  nitration  into  two  stages.  The  trinitro-derivative  can 
also  be  prepared  directly  by  dis.<;olving  diacetyl-j-j-aminophenol  in  the 
mixture  of  acids  as  above.  Under  these  conditions,  however,  a 
considerable  excess  of  the  acid  mixture  must  be  used  in  order  to  obtain 
a  good  yield.  The  constitution  of  the  trinitro-compound  is  determined 
by  the  following  considerations. 

A  mononitro-derivative  of  the  constitution  stated  can  only  give  rise 
theoretically  to  two  possible  trinitro-derivatives  : 

OAc  OAc  OAc 


NHAc  NHAc  NHAc 

(I.)  (H.) 

The  first  of  these  formulae  represents  the  compound  as  arising  from 
the  introduction  of  a  third  nitro-group  into  Eeverdin's  3  :  5-dinitro- 
compound  and  the  second  (II)  as  arising  by  a  similar  px'ocess  from 
2  :  6-dinitro-jt;-acetaminophenol,  that  is,  as  a  derivative  of  isopicramic 
acid.  Experiments  have  shown  that  the  acetyl  derivative  of  Vsopicramic 
acid  cannot  be  further  nitrated,  whereas  the  3  :  5-dinitrodiacetyl  com- 

*  All  melting  points  given  in  this  paper  were  corrected  by  reference  to  standard 
short-stemmed  thermometers  having  the  certificate  of  the  Reichsanstalt,  Berlin, 
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pound  is  quite  readily  converted  by  a  mixture  of  nitric  and  sulphuric 
acids  into  the  new  trinitro-compound. 

The  orienting  influence  of  the  acetoxy-group  is  paramount  in  deter- 
mining the  entry  of  the  first  nitro-group  into  position  3,  and  the  joint 
influence  of  the  nitro-  and  acetoxy-groups  determines  the  entry  of  the 
second  nitro-group  into  position  5,  giving  Reverdin's  compound,  from 
which  the  new  trinitro-compound  arises.  That  the  acetoxy-group  is  all 
important  is  shown  by  the  now  well-known  fact  that  />-acetaminophenol 
itself  always  gives  rise  to  zsopicramic  acid  on  nitration,  and  the  most  recent 
observation  by  Reverdin  and  Bucky  confirms  this  in  a  very  striking 
manner.  In  the  description  of  the  practical  details  of  nitration  given 
above,  it  will  be  noted  that  the  diacetyl-^-aminophenol  or  its  3-nitro- 
derivative  is  introduced  directly  into  the  cooled  mixture  of  acids.  In 
Reverdin  and  Bucky's  process,  the  diacetyl  compound  is  first  dissolved 
in  strong  sulphuric  acid,  and  the  solution  thus  obtained  is  then  treated 
with  the  nitric  acid  mixture.  In  these  circumstances,  as  the  authors 
point  out,  the  diacetyl  compound  undergoes  hydrolysis  by  the  sulphuric 
acid  at  the  first  stage,  so  that  the  nitric  acid  is  really  acting  on  /?-acet- 
aminophenol,  and  the  resulting  compound  is  accordingly  tsopicramic 
acid  {Ber.,  1906,  39,  2687).  The  entry  of  the  third  nitro-gioup  in 
the  process  now  made  known  appears  also  to  loosen  the  attachment  of 
the  acetyl  group  as  hydrolysis  simultaneously  takes  place  and  the  new 
compound  is  accordingly  : 

OH 


NO  I       Ino^ 


NHAc 

2:3:  5-Trinitro-4-acetaminophenol. 

Properties  of  the  Trinitro-compound. — As  might  be  inferred  from  its 
formula,  the  new  compound  is  strongly  phenolic  in  character.  It  forms 
highly-coloured  salts  of  an  orange-red  colour,  but  owing  to  the 
readiness  with  which  the  substance  is  decomposed  by  bases,  none  of 
these  salts  could  be  isolated,  nor  has  it  been  pos.sible  to  alkylate  or 
acylate  the  hydroxyl  group.  Attempts  to  remove  the  acetyl  group  so 
as  to  obtain  the  trinitroaminopheuol  also  gave  only  resinous  products 
of  decomposition.  When  sulphuric  acid  was  used  as  a  hydrolysing 
agent,  a  small  quantity  of  a  crystalline  compound  was  obtained,  which 
on  examination  proved  to  be  a  highly  explosive  diazo-oxide,  resulting 
no  doubt  from  the  simultaneous  hydiolysis  and  diazotisation  of  the 
product  by  one  of  the  nitro-groups  removed  by  the  hydrolysing  agent, 
so  that  in  this  ca^e  also  decomposition  takes  place. 
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Synthesis  of  Anhydro-hases. 

Previous  experience  with  compounds  containing  a  displaceable  nitro- 
group  led  to  the  conclusion  that  in  the  new  trinitroacetaminophenol 
one  of  the  nitro-groups  2  or  3  would  be  easily  eliminated.  It  might,  for 
instancp,  be  predicted  with  certainty  that  if  the  correspnnding  trinitro- 
j9-anisidine  could  be  obtained  this  compound  on  diazotisation  would 
lose  the  3-nitro-group  The  instability  of  the  salts  and  the  ready 
decomposability  of  the  trinitro-compound  in  the  presence  of  basic 
substances  distinctly  pointed  to  the  conclusion  that  these  properties 
were  due  to  the  mobile  character  of  oue  of  the  nitro  groups,  since 
polynitro-di-rivatives  of  phenols  as  a  rule  form  stable  salts  with  bases. 
It  therefore  seemed  prohable  that  under  regulated  conditions  the 
mobile  nitro-group  might  be  replaceable  by  amine  residues  giving  rise 
to  compounds  of  the  following  types  : 

H0-C.H(N0A<^§'.C0.CH3'^H0.C,H(N0,),<^^'^0.pg.^ 

If,  moreover,  as  seemed  most  probable,  it  was  the  3 -nitro-group 
which  was  the  mobile  group,  decompositions  taking  place  according  to 
the  first  of  the  above  schemes  might  be  expected  to  give  rise  to 
anhydro-bases  by  the  interaction  of  the  ortho-groups.  Such  com- 
pounds would  be  derivatives  of  substituted  benzimiuazole  and  might  be 
thus  formulated  *  : 

NOg  NR' 

■^^|«        I        2C-CH3  . 

Experiments  with  various  amines  showed  that  the  new  trinitro- 
compound  most  readily  interacted  with  primary  amines  both  fatty  and 
aromatic,  but  that  no  action  took  place  under  similar  conditions  with 
secondary  or  tertiary  bases.  The  products  consisted  of  anhydro-bases 
mixed  in  some  instances  with  the  non-anhydridised  compound,  thus 
proving  that  it  is  the  3-nitro -group  which  is  replaced.  Of  the  amines 
thus  far  tried,  positive  results  have  been  obtained  with  ammonia, 
ethylamine,  aniline,  a-  and  ^-naphthylamine,  benzylamine,  and 
piperidine.  Negative  results  were  given  by  dimethylaniline,  di- 
phenylamine,   and   pyridine.     As   these  iminazoles  promise  to   be  of 

*  I  have  adopted  the  numbering  of  the  atoms  in  the  ring  system  given  in 
Richter's  "  Lexikon." 
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special  interest  from  several  points  of  view,  it  is  proposed  to  continue 
their  investigation  in  detail,  and  the  present  results  are  made  known 
as  a  preliminary  contribution  to  the  subject.  The  compound  formed 
by  the  action  of  ammonia,  although  theoretically  the  simplest  member 
of  the  group  of  substituted  iminazoles  herein  dealt  with,  will  require 
further  investigation  before  its  constitution  can  be  established.  In  all 
the  reactions  the  nitro-group  is  probably  eliminated  in  the  form  of 
nitrous  acid  which  reacts  with  the  excess  of  amine  with  the  production 
of  an  azo-compound,  an  alcohol,  or  simply  a  salt,  according  to  the 
nature  of  the  amine.  As  the  compounds  described  in  this  paper  are 
all  formed  by  the  substitution  of  various  radicles  for  R'  in  the 
NR'  group  in  the  iminazole  ring  in  the  foregoing  formula,  the 
constitution  will  be  sufficiently  expressed  by  the  systematic  name 
without  repeating  the  formula  for  each  compound. 

4  :  7-Dinitro-6-hi/droxi/-l-phenyl-2-methylbenziminazole. — The  trinitro- 
compound  reacts  readily  with  aniline  under  all  conditions.  In  con- 
centrated alcoholic  solution  the  action  is  so  energetic  that  spontiineous 
ebullition  takes  place.  In  order  to  prepare  the  above  phenyl  deriv- 
ative in  quantity  the  trinitro-compound  is  dissolved  in  a  considerable 
excess  of  alcohol  and  to  the  hot  solution  an  excess  of  aniline  is 
gradually  added.  A  deep  orange  colour  is  at  once  developed,  and  on 
cooling  the  solution  deposits  the  iminazole  in  ochreous  needles  After 
being  collected  and  washed  with  alcohol  and  purified  by  crystallisation 
from  glacial  acetic  acid,  the  pure  substance  crystallises  in  transparent, 
yellow  prisms,  which  become  opaque  on  being  washed  with  alcohol. 
From  alcohol  it  crystallises  in  flat,  yellow  needles. 

The  compound  is  soluble  in  all  the  ordinary  organic  solvents  and  is 
phenolic  in  character,  dissolving  in  aqueous  alkali  with  an  orange 
colour  and  being  precipitated  unchanged  by  acids.  It  possesses  a 
feebly  basic  character,  its  salts  being  readily  dissociated  by  water. 
The  melting  point  is  188—189°  : 

0-1053  gave  16c.c.  moist  nitrogen  at  15°  and  753-2  mm.    N  =  17-63. 
0-1007      „  15-3  c.c.   „  „  „  16°  „     765-9  mm.    N  =  17-85. 

Ci4Hjq05N4  requires  N  =  17-87  per  cent. 

The  same  compound  is  also  obtained  when  glacial  acetic  acid  is  used 
as  a  solvent  or  when  the  trinitro-derivative  is  dissolved  in  excess  of 
aniline  and  allowed  to  stand  for  some  days  at  the  ordinary  temperature. 
In  both  these  cases  aminoazobenzene  was  found  among  the  products 
and  was  easily  separated  from  the  iminazole  by  taking  advantage  of 
the  phenolic  character  of  the  latter.  When  aniline  acts  on  the  trinitro- 
compound  in  alcoholic  solution,  as  in  the  method  of  preparation  found 
most  advantageous,  there  is  also  formed  with  the  iminazole,  which  is  the 
main  product,  a  small  quantity  of   another  substance  which  is  partly 
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contained  in  the  mother  liquor,  from  which  on  standing  it  separates  in 
the  form  of  deep  orange  prisms.  Some  of  the  same  compound  is  easily 
seen  in  admixture  with  the  crude  iminazole  but  is  removed  in  the  course 
of  purification  by  crystallisation  from  acetic  acid.  This  secondary  pro- 
duct is  no  doubt  the  non-anhydridised  compound,  namely, 
3  : 6-Dmitro-2-acetamino-5-hi/droxi/diphenylamme  : 

OH 
NO  I      JNH.CeH, 


NH-CO-CHg 

This  substance  is  also  phenolic  and  dissolves  in  alkali  with  an  orange 
colour.  It  crystallises  from  acetic  acid  in  red,  prismatic  needles  melting 
at  179°: 

0-0968  gave  14  c.c.  moist  nitrogen  at  12°  and  744-9  mm.     ]Sr  =  16-82. 
Cj^H^gOgN^  requires  1^=  16-86  per  cent. 

Only  a  small  quantity  of  this  compound  has  as  yet  been  isolated  and 
it  is  proposed  to  obtain  a  larger  supply  for  farther  investigation. 

4  :  l-Dinitro-^-hydroxy-Y-beazyl-'I-methylbenziminazole. — A  concen- 
trated alcoholic  solution  of  the  trinitro-compound  is  mixed  with  an 
alcoholic  solution  of  benzylamine  containing  the  latter  base  in  excess, 
when  a  reaction  at  once  takes  place  with  the  development  of  sufficient 
heat  to  cause  ebullition.  The  solution  when  cold  solidifies  to  a  crystal- 
line pulp  of  orange  needles.  In  order  to  purify  the  crude  product  the 
crystals  were  collected,  washed  with  dilute  hydrochloric  acid  and 
crystallised  from  alcohol.  The  orange  colour  of  the  deposited  crystals 
immediately  disappears  on  washing  with  acid,  thus  indicating  that  the 
compound  is  a  benzylamine  salt.  After  treatment  with  acid  and  crystal- 
lisation from  alcohol,  the  pure  compound  presents  the  appearance  of 
flat,  silky  needles  of  a  greenish-yellow  colour.  The  melting  point  is 
207°.  Analysis  indicated  that  in  this  case  the  first  product  is  the 
dinitroacetaminohydroxyphenyl benzylamine  : 

OH 

/  \]^0 
NoJ^^NH-CH^-C.Hs 

NH-CO-CHg 

0-0886  gave  12-2  c.c.  moist  nitrogen  at  14°  and  763-3  mm.  N=»  16'29. 
C^gHj^OgN^  requires  N  =  16*22  per  cent. 

This  substance  is  sufficiently  basic  to  dissolve  in  strong  mineral  acids, 
but  the  salts  formed  with  such  acids  are  dissociated  by  an  excess  of 
water.     The  compound   is  also  phenolic,  dissolving  in  alkalis  with  an 
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orange  colour.  An  attempt  to  eliminate  the  acetyl  group  by  boiling 
the  solution  of  the  sodium  salt  showed  that  some  more  complex  decom- 
position takes  place  with  the  formation  of  benzaldehyde.  A  beautiful, 
crystalline,  ammonium  salt  consisting  of  bright  orange,  prismatic  needles 
is  formed  by  the  action  of  ammonia.  When  this  salt  is  crystallised 
from  boiling  water  and  then  decomposed  by  treatment  with  an  acid 
the  recovered  substance  is  not  the  original  phenylbenzylamine  deriv- 
ative but  the  iminazole,  so  that  anhydridisation  takes  place  on  boiling 
the  ammonium  salt  with  water.  The  iminazole  is  also  formed  by 
dissolving  the  phenylbenzylamine  compound  in  strong  sulphuric  acid, 
heating  the  solution  for  a  few  minutes  to  100°  and  then  pouring  into 
water.  The  compound  thus  obtained  crystallises  from  alcohol  in 
yellow  needles  melting  at  156°  : 

0-1048  gave  15-2  c.c.  moist  nitrogen  at  15°  and  770-6  mm.  N=  17-22. 
0-1195    „     17-3  c.c.  „         „  14°    „    762  mm.     N  =  1707. 

CigHjoOgN^  requires  ]Sr=  17-11  per  cent. 

This  iminazole  is  both  phenolic  and  basic.  The  alkali  salts  are 
orange  in  colour ;  the  ammonium  salt  is  much  more  soluble  than 
the  ammonium  salt  of  the  original  phenylbenzylamine  derivative.  The 
substance  dissolves  in  hydrochloric  acid  and  the  solution  on  the  addition 
of  strong  acid  deposits  white  needles  of  the  hydrochloride, 

C^.HiAN^.HCl, 
which  are  stable  only  in  the  presence  of  excess  of  acid. 

4  •.1-Dinitro-Q-hydroxy-2-methyl-\-ethylbenziminazole. — On  adding  an 
alcoholic  solution  of  ethylamioe  to  the  trinitro-compound  suspended  in 
alcohol  an  orange  solution  is  at  once  obtained,  and  this  soon  solidifies 
to  a  crystalline  pulp  of  the  ethylamine  salt  of  the  trinitroacetamino- 
phenol.  In  order  to  bring  about  the  iminazole  formation,  the  solution 
must  be  heated  on  the  water-bath  for  some  hours.  The  product  is  best 
isolated  by  collecting  the  crystalline  deposit  which  separates  on  coolino-, 
and  which  consists  of  the  ethylamine  salts  of  the  iminazole  with  some 
of  the  ethylamine  salt  of  the  phenylethylamine  derivative,  washint' 
with  alcohol,  then  with  dilute  hydrochloric  acid  and  finally  with 
water.  At  this  stage  the  product  consists  of  a  mixture  of  the  imin- 
azole with  the  non-anhydridised  compound  and,  if  the  former  is 
required,  it  is  better  to  ensure  complete  anhydridisation  by  dissolving 
the  dry  product  in  a  little  strong  sulphuric  acid,  heating  for  a  few 
minutes  on  the  water-bath  and  then  pouring  into  water.  After 
crystallisation  from  alcohol  the  compound  consists  of  orange,  nodular 
crystals  melting  with  decomposition  at  215°  : 

0-1335  gave  23  c.c.  moist  nitrogen  at  13°  and  776  mm.     N  =»  20*79. 
Cj„H,„05N4  requires  N  =  21-09  per  cent. 

This  iminazole  forms  orange  salts  with  alkalis,  the  ammonium  salt 
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crystallising  readily  from  hot  water  in  briglit  orange-red  needles.  The 
compound  is  also  basic,  dissolving  in  mineral  acids  with  the  formation 
of  colourless  salts  which  are  stable  only  in  presence  of  excess  of  acid. 

4  : 1-Dinitro-Qt-hydroxy-\-a-naphthyl-2-m,ethylhenzimi7iazole. — The  tri- 
nitro-compound  and  a-naphthylamine  in  excess  are  heated  together  in 
alcoholic  solution  for  some  hours  on  the  water-bath,  the  reaction  in 
this  case  being  less  energetic  and  the  yield  of  iminazole  smaller  than 
in  the  case  of  the  other  amines.  The  whole  solution  after  completion 
of  the  reaction  is  poured  into  very  dilute  hydrochloric  acid,  filtered  to 
remove  excess  of  naphthylamine,  the  precipitate  washed  with  water, 
and  then  extracted  with  dilute  sodium  hydroxide  and  again  filtered. 
The  latter  treatment  separates  the  iminazole  from  the  a-aminoazo- 
naphthalene  with  which  it  is  mixed,  the  orange  alkaline  filtrate  giving 
the  required  compound  on  acidifying.  After  crystallisation  from 
alcohol  the  iminazole  was  obtained  in  ochreous,  hexagonal  tablets  melt- 
ing with  decomposition  at  241°  : 

0-0873  gave  11-2  c.c.  moist  nitrogen  at  10°  and  766-9  mm.    N  =  15-50. 
CigHjgOgN^  requires  N  =  15-42  per  cent. 

No  formation  of  the  intermediate  a-naphthylphenylamine  derivative 
was  observed  in  this  case. 

4  :  7-Dinitro-Q-hi/droxy-\-^-naphtIiyl-2-7nethylberiziminazole. — The  re- 
action in  this  case  is  also  sluggish  and  the  mode  of  procedure,  both 
with  respect  to  the  formation  of  the  iminazole  and  its  isolation,  was 
similar  to  that  adopt^'d  for  the  a-naphthylamine  compound.  In  this 
case  /3-aminoazonaphthalene  is  also  formed  together  with  a  certain 
quantity  of  the  /3-naphthylphenylamine  derivative.  The  latter  can  be 
removed  by  crystallisation  of  the  mixed  product  from  glacial  acetic 
acid  after  having  previously  separated  the  aminoazo-compound  by 
alkaline  extraction.  From  acetic  acid  the  iminazole  separates  slowly 
in  two  forms,  brown  nodules  and  ochreous  prisms,  both  forms  melting 
with  decomposition  at  242°  : 

0-1088  gave  13*9  c.c.  moist  nitrogen  at  11°  and  763  mm.    N  =  15-29. 
CigHjoO^N^  requires  N  =  15-43  per  cent. 

4  :  7-Dinitro-Q-hydroxy  -\-jn-nitrophenyl-  2-methylbenziminazole.  —  In 
order  to  prepare  this  compound  the  trinitroacetaminophenol  is  boiled 
in  alcoholic  solution  with  an  excess  of  jw-nitroaniline  for  a  few  minutes 
and  the  solution  then  kept  gently  heated  on  the  water-bath  for  some 
hours.  The  product  separates  out  in  yellow  needles,  which  are  col- 
lected, washed  with  alcohol,  and  purified  by  extraction  with  aqueous 
alkali  and,  after  filtration  of  the  solution,  precipitation  by  acid.  The 
substance  is  only  sparingly  soluble  in  boiling  alcohol  and  is  best 
purified  by  repeated  crystallisation  fi-om  glacial  acetic  acid  from  which 
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it  separates  in  two  forms,  light,  ochveous,  nodular  aggregates  of  short, 
slender  needles  and  brown,  nodular  aggregates  of  stumpy  needles.  Both 
fox-ms  have  the  same  melting  point,  242 — 243°  with  decomposition  : 

0-1181  gavel9-3c.c.  moist  nitroged  at  13° and  752-6  mm.    N  =  19'40. 
Cj^HgOyNj  requires  N=  19-54  per  cent. 

The  compound  is  slightly  basic  and  distinctly  phenolic  in  character, 
the  alkali  salts  dissolving  in  water  with  a  yellow  colour.  The  silver 
salt  was  obtained  as  an  ochreous  powder  by  adding  a  solution  of  silver 
nitrate  to  a  solution  of  the  ammonium  salt : 

0-1369,  on  ignition,  gave  0-0319.     Ag  =  23-3. 

C^^HgOyNjAg  requires  Ag  =  23*15  per  cent. 

Synthesis  of  Azo-compounds. 

The  trinitro-compound  reacts  readily  with  hydi-azines,  with  the 
formation  of  hydrazo-compounds  which  pass  by  oxidation  into  azo- 
compounds.  As  a  typical  case  the  action  of  phenylhydrazine  has  been 
studied  and  the  resulting  compound  isolated.  Its  composition  and 
properties  indicate  that  it  is  a  derivative  of  hydroxyazobenzene  : 

OH 

no'      JNo-aH.- 


NH-CO-CHg 

In  order  to  prepare  this  substance  the  trinitro-compound  is  heated 
with  an  alcoholic  solution  containing  an  excess  of  phenylhydrazine  as 
long  as  nitrogen  is  evolved.  On  cooling,  a  crystalline  pulp  of  red 
needles  is  obtained.  After  being  collected  and  washed  with  alcohol, 
the  substance  can  be  purified  by  crystallisation  from  alcohol,  from 
which  solvent  it  separates  in  red  needles  decomposing  at  about  188° : 

0-1091  gave  19  4  c.c.  moist  nitrogen  at  14°  and  750  mm.     N  =  20-33. 
C^^Hj^OgN-  requires  N  =  20'63  per  cent. 

This  azo-compound  is  of  intei-est  on  account  of  its  instability ;  it  is 
decomposed  on  boiling  with  glacial  acetic  acid  and  also  by  alkalis. 
The  compound  itself  and  the  products  of  its  decomposition  are  under- 
going investigation. 

During  the  first  part  of  this  research  I  had  the  assistance  of 
Mr.  F.  G.  C,  Stephens,  and  during  the  latter  part  that  of  Mr.  J.  G. 
Hay,  to  both  of  whom  I  desire  to  express  my  thanks. 

City  and  Guilds  Tecunical  College,  Finsbury. 
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])roperties  of  (Hawthokne),  T.,  556  ; 
P.,  86. 
Address,    congratulatory,    to    Aberdeen 
University,  P.,  249. 
to  Sir  William  Henry  Perkin,  P., 
247. 
presidential  (Meldola),  T.,  745;  P., 

98. 
See  also  Letter  and  Telegram. 
Adrenaline       {epinephrine),      molecular 
weight  of  (Bakger  and  Ewixs),  P., 
38. 
Affinity,  chemical  : — 
AflBnity  constants  of  aminocarboxylic 
and     aminosulphonic     acids      as 
determined  by  the  aid  of  metliyl- 
orange  (Veley),  P.,  313. 
of  xanthine  and  its  methyl  deriv- 
atives   (Wood),    T.,    1839;    P., 
271. 
Chemical  dynamics  of  alcoholic   fer- 
mentation  by  yeast   (Slatoe),    T., 
128. 
Reciprocal   displacement   of  acids   in 
heterogeneous  systen  s  (Joseph),  T., 
823  ;  P.,  82. 
Hydrolysis,    new     niethcd     for     the 
measuiement  of,  in  aqueous  solu- 
tion based   on  a  considm-ation  of 
the  motion  of  ions  (Denisox  and 
Steele),  T.,  999,  1386  ;  P.,  162. 
of  ammonium  salts  by  water  (Hill), 
T.,  1273;  P.,  204. 
Velocity  of  chemical  change   in  the 
polymethylene       series        (Mex- 
scHUTKix),  T.,  1532;  P.,  203. 
determination  of,    by  measurement 
of    gases   evolved    (LAMrLOVGH), 
P.,  280. 
Alcoholic    fermentation.      See      under 

Fermentation. 

Alcohols,  reactions  of,  wi.h  Z-menthyl- 

carbimide  (Pickaud,   Littlebuky, 

and   Neville),    T.  ,   93;  (Pickard 

and  Littlebuky),  T.,  467  ;  P.,  71. 

fatty,   critical  temperature  and  value 

of  '-^  oi  some  (Browx),  T.,'312; 

P.,  39. 
lower,  molecular  arrangement  in  mix- 
tures of,  with  water  (Holmes),  T., 
1774;  P.,  272. 


Aldehydes,  synthesis   of,  by  Grignard  s 
reaction    (Moxif.r-Williams),    T., 
273;  P.,  22. 
phenylliydrazones  of,  relation  between 
the  absorption  spectra  and  chemical 
constitution  of  (Baly  and   Tuck), 
T.,  982  ;  P.,  142. 
aromatic,    electrolytic     reduction     of 
(Law),  T.,  1512,  1520  ;  P.,  237. 
Aldehydrol  (Colles),  T.,  1246  ;  P.,  207. 
Alkali "  nitrites,    interaction    of,    with 
metallic     ethylsulphates     (Ray     and 
Neogi),  T.,  1900  ;  P.,  259. 
Alkaline- earth  nitrites,   interaction  of, 
with  metallic  ethylsulphates  (Ray and 
Neogi),  T.,  1900;  P.,  259. 
Alkyl  haloids,  addition  of,  to  alkylated 
sugars  and    glucosides    (Irvine    and 
Moodie),  T.,  1578  ;  P.,  204. 
AUantoin,  acidic  constants  of  (Wood), 

T.,  1834. 
Alloxan,  acidic  constants  of  (Wood),  T., 

1835. 
Alloxanphenylmethylhydrazone 

(Whiteley),  p.,  201. 
2-Allylamdno-4-methylthiazole    and   its 
acetyl       derivative       (YorxG       and 
Ckookes),  T.,  66. 
2  Allylimino-3  4-dimethyl-2:3-dihydro- 
thiazole   and  its   platinichloride    and 
hydrolysis    (Young     and    Crookes), 
T.,  66. 
Amidines,  contributions  to  the  chemistry 

of  (YouxG  and  Crookes),  T.,  59. 
Amines,   aromatic,  compounds  of,   with 
aromatic  nitro-derivatives  (Jackson 
and  Clarke),  P.,  83. 
primary,    condensation    of,    with    di- 
methyldiliydroresorcin  and  5-chIoro- 
3-keto-l:l -dimethyl- A^-tetrahydro- 
benz.ne  (Haas),  T.,  187,  387  ;  P., 
17,  63. 
Aminocarboxylic  acids,  affinity  constants 
of,  as  determined  by  the  aid  of  methyl- 
orange  (Veley),  P.,  313. 
Aminosulphonic  acids,  affinity  constants 
of,  as  determined  by  the  aid  of  methyl- 
orange  (Veley),  P.,  313. 
Ammonia,  oxidation  of  fSMlTH),  T.,  473  ; 
P.,  39. 
estimation  of,  by  the  conductivity  of 
its   solution  (Hill),  T.,  1274;  P., 
204. 
Ammonium  salts,  hydrolysis  of,  by  water 
(Hill),  T.,  1273  ;  P.,  204. 
amalgam,  constitution  of  (Rich   and 

Travers),  T.,  872  ;  P.,  136. 
molybdilactate       and      tungstilactate 

(Henderson),  P.,  148. 
sclenate    and    the    question    of    iso- 
diinorphism    in    the     alkali    series 
(Tutton),  T.,  1059;  P.,  153. 
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isoAmyl  nitrite,  action  of,  on  pyrogallol 

(Peimcin-  aud  Stevex),  T.,  802;   P., 

113. 
Amylene.     See  «.s-ilethylethj'lethy]eiie. 
Amylolytic   action,  inHuence  of  certain 

amphoteric  electrolytes  on  (Ford  and 

GuTHiUE),  T.,  76. 
Analysis,  electrolytic,  of  metals  (Sand), 

P.,  43. 
Anhydro-a-     and   -^naphthyldiphenyl- 

carbinols     (Clough),    T. ,     774  ;    P., 

109. 
Anhydrotrimethylbutanetricarboxylic 

acid  (Peukin  and  Thorpe),  T. ,  786. 
Aniline,    acetyl    derivative.     See   Acet- 
anilide. 

benzoyl  derivative.     See  Benzanilido. 
Aniline,   o-,  m-,    and  jj-nitro-,   relation 

between   the    absorption   sjiectra   and 

cheniical      constitution      of      (Baly, 

Edwards,    and   Stewart),  T,  514; 

P.,  35. 
3-Anilino-l:l-dimethyl-A^^5-diliydro- 

benzene,  m-  and  ;;-amiuo-5-liydr- 
oxy-,  and  their  additive  salts  and 
acetyl  derivatives  (Haas),  T.,  389; 
P.,  63. 

5-hydroxy-,  and  its  hydrochloride  and 
acetyl  derivative  (Haas),  T.,  202. 
3-Anilino-l:l-dimetliyl-A'-cyc?oliexen- 

one-5.     See       5-Keto-3-atiilino-l:l-di- 

niefhyl-A^-tetrahydrobenzene. 
Anilinonapbtbacenequinone  (Orcha hd- 

.MjN  and  Weizmaxx),  T.  ,  118. 
3-Anilino-5-plienyliniino  l:ldimetliyl- 
A-'-tetrabydrobenzene   and    its    ad- 
ditive   salts    and    acetyl    deiivative 
(Haas),  T.,  203. 

wi-amino-,  and  its  resorcylate  (Haas), 
T.,  393  ;  P.,  63. 
Anisaldehyde,  electrolytic   reduction  of 

(Law),  T.,  1515,  1525;  P.,  237. 
?)t-Anisidine,    4:5-(/initro-,   and    its    di- 

azoti.sation  (]\Ieldoi,a  and  Stephens), 

T.,  927:  P.,  158. 
Anisoin,  electrolytic  oxidation  of  (Law), 
T.,  1447;  P.,  197. 

electrolytic   reduction   of  (Law),  T.  . 
1517,  1526  :  P.,  237. 
Annual  General  Meeting,  T.,  735;  P.,  93. 
Antimony     jOfw^wchloride,      action      of 

nitrogen    suli)liido    on    (Davis),    T. , 

1577;  P.,  261. 
/-Arabinose,  alkvlation  of  (Puudie  and 

Ruse),  T.,  1204  ;  P.,  201. 
Argon   and    helium,    occurrence    of,    in 

iiialacone  (KiniiiN  and  WlNTEUSON), 

T.,  1568  ;  P.,  251. 
Aromatic  compounds,  action  of  sul[diur 

di<jxide    and    aluminium    chloiide    (jn 

(Smii.ks  and  Lk  Knssujxoi.j,  P.,  158. 


Arsenic,  estimation  of,  electrolytically, 
in  wall-papers,  fabrics,  &c.  (ThoPlPe), 
T.,  408  ;  P.,  73. 

Arylamines,  influence  of  substituents 
in  trinitrobenzeue  on  its  formation  of 
additive  compounds  with  (Sudbo rough 
and  PicTON),  T.,  583;  P.,  84. 

Arylsulphonyl- Hi -diamines,  action  of 
nitrous  acid  on  (Morgan,  Mickle- 
THWAir,  and  Couzens),  T.,  1289; 
P.,  239. 

Atomic  theory,  a  development  of  the, 
which  correlates  chemical  and  crystal- 
line structure  and  leads  to  a  de- 
monstration of  the  nature  of  valency 
(Barlow  and  Pope),  T.,  1675;  P., 
264. 

Atomic  weight  of  nitrogen,  possible 
source  of  error  in  Stas'  (letermination 
of  the  (Gray),  T.,  1173  ;  P.,  197. 

Atomic    weights,    report   of    the    Inter- 
national Committee  on,  P.,  2. 
table  of.  P.,  8. 

Atoms,  relation  between  the  volumes  of, 
of  certain  compounds  at  their  melting 
points  and  their  valencies  (Le  Bas), 
P.,  322. 

Azobenzaldehydesulphonic  acid,  potass- 
ium salt  (Green  and  Crosland),  T., 
1606;  P.,  257. 

Azo-compounds,  synthesis  of,  by  means 
of  trinitroacetylaminophenol  (Mel- 
DOLA),  T.,  1943. 
amino-,  influence  of  substitution  on 
the  formation  of  (Morgan  and 
Clayton),  T.,  1054;  P.,  174. 


B. 

Balance  Sheets  of  the  Chemical  Society 

and  of  the  Research  Fund.    See  Annual 

General  Meeting,  T.,  740. 
Ballistite,  hydrolysis  of  (Silberrad  and 

Fakmf.r),  T.,  1772;  P.,  270. 
Barbituric    acid,    acidic    constants    of 

(Wood).  T.,  1835. 
Base,  CjoHisON.,,  from  pinene  (Leach), 
P.,  137. 

C.^„n,gON2,  and  its  salts,  from  chryso- 
phenol    (Dunstan    and    Hewitt), 
T.,  1478;  P.,  243. 
Benzaldehyde,   electrolytic  oxidation  of 

(Law),  T.,  1443  ;   P.,  197. 
Benzaldehydephenylhydrazone,      action 

of  light   on   (CiiATrAWAY),  T. ,  462; 

P.,  36. 
Benzaldehyde-2  sulphonic  acid,  4-nilro-, 

]iola.ssiuiu  sail  ((!i;KKN  and  CliOSLAND), 

T.,  1606  ;  i'.,  257. 
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Benzanilide,  j;-amino-,  diazotisation  of, 
and  its  compound  with  azo-;3-naphthol 
(MoKGAN  and  Wootton),  P.,  23. 
Benzene,    4:6fZibromo-l:3-fZ?'nitro-    and 
4-chlovo-l:3:5-i?-ibronio-2:6-f?aiitro-, 
compounds  of,  with  dinietliylaniline 
(Jackson  and  Clarke),  P.,  83. 
s-trichlovotrinitYO-,  compounds  of,  with 
methyhaniline  aud  pyridine  (Jack- 
son and  Clarke),  P.,  84. 
l:2-f?ihydioxy-.     See  Catechol. 
l:3-fZihydroxy-.     See  Resorcinol. 
l:2:3-<?'Jhydroxy-.     See  Pyrogallol. 
l:3:5-<rihydioxy-.    See  Phloroglucinol. 
irmitro-,  influence  of  substituents  in, 
on  the  formation  of  additive  com- 
pounds     with     aryLimiues     (Sud- 
BOROUGH    aud    Picton),    T.,   583 ; 
P.,  84. 
4-Benzeneazo-2-bromo-6-nitrophenol, 
preparation   of,    and   its   sodium   and 
jiotassium  salts,  and  acetyl  and  benzoyl 
derivatives   (Hewitt   and  Walker), 
T.,  183;  P.,  16. 
Benzene-5  azodimetliyl-4:6-(Ziamino- 
«i.-xylene,     ^-nitro-     (Morgan     aud 
Clayton),  T.,  1057  ;  P.,  174. 
Benzeneazo-4:6-dimetliylcoumarin    and 
0-,    VI-,    aud    ju-iutro-    (Hewitt    aud 
Mitchell),  T.,  15. 
Benzeneazo-4-methyl-a-naplithacou- 
marin     and     o-,     in-,     aud    ^j-nitro- 
(Hewitt  aud  Mitchell),  T.,  17. 
Benzeneazo-jS-naphthol,  o-,  m-,  and  p- 
nitro-,    preparation    of  (Hewitt    and 
Mitchell),  T.,  1169  ;  P.,  170. 
Benzeneazo-o-nitrophenol,      action      of 
bromine  on  (Hewitt  aud  Walker), 
T.,  182  ;  P.,  16. 
Bsnzene-^-diazoaminonaphthalene-S- 
sulphonic  acid,  sodium  salt  (Smith), 
T.,  1507;  P.,  236. 
Benzenediazonium    salts.      See   Diazo- 

benzene  salts. 
Benzenediazo-if-semicarbazinocamplior 
and   its   reactions    and    ^-bronio-,    'p- 
chloro-,  and  o-,  m-,  and  ^-nitro-deriv- 
atives  (Forster),  T.,  222;  P.,  31. 
Benzenehexacarboxylic  acid.     See  Mell- 

itic  acid. 
Benzenesulphinic  acid,  o-cyano-  (Walk- 
er and  Smith),  T.,  355  ;  P.,  62. 
Benzenesulphonic  acid  and  chloride,  o- 
cyano-,  preparation  and  reactions  of 
(WALKERandSMiTH),T.,350;P.,62. 
menthyl     ester,      and     its     rotation 
(Patterson  and  Frew),  T.,  332; 
P.,  19. 
w-Benzenesulphonylaminobenzylamines, 
preparation     of,    aud    the    action     of 
nitrovis  acid  on  (Morgan  aud  Mickle- 
THWAiT),  T.,  1161  ;  P.,  174. 


Benzenesulplionylf?iaminomesitylen6 

and  its  diazotisation  and  azo-3-naph- 
tliol  derivative  (Morgan  and  Mickle- 
thwait),  T.,  1299;  P.,  240. 

Benzenesulphonyl-5-  and  -8-amino- 
naphthalene-l-azo-;3-naphthols  (Mor- 
gan aud  ]\Iicklethwait),  T.,  9. 

Benzenesulplionyl-co-aminotoluene-2-, 
-3-,  and  -4-azo-/8-napbtliols  (Morgan 
and  Micklethwait),  T.,  1163;   P., 
174. 

4-Benzenesulplionyl-4:6-f?iamino-?;i-xyl- 
ene  and  its  diazotisation  and  azo-;3- 
naphthol  derivative  (Morgan  and 
Micklethwait),  T.,  1296 ;  P., 
240. 

oi-Benzenesulpbonyl-cD-metbyl-o-  and 
-//i.-aminobenzylamines,  preparation 
of,  and  their  diazotisation  (Morgan 
and  Micklethwait),  T.,  1165;  P., 
174. 

fts-Benzenesulplionyl-i\"-methyl-8- 
aminonaphtbalene-l-azo-jS-naphthol 
(MouGAN,  and  Micklethwait),   T., 
12. 

Benzenesulphonylmethyl-co-aminotolu- 
ene-2-  and   -3-azo-;3-napbthols  (Mor- 
gan and  Micklethwait),  T.,  1167; 
P.,  174. 

4  Benzenesulpbonylmetliyl-4:6-(^iamino- 
wi-xylene  and  its  diazotisation  and 
azo-/8-uaphthol  derivative  (Morgan 
and  Micklethwait),  T.,  1297. 

Benzenesulphonyl-iV-metbyl-a-naph- 
thylamine,    8-nitro-,    and    -l:8-naph- 
thylenediamine  (  Morgan  and  JIickle- 
thwait),  T.,  12. 

Benzenesulplionylmetliyl-6-nitro-iii-4- 
xylidine      (Morgan     and    Mickle- 
thwait), T.,  1297. 

Benzenesulphonyl-a-naphthylamine, 
5-  and  8-uitro-,   and   their   reduction 
(Morgan  and  Micklethwait),  T.,  8. 

Benzenesulpbonylnaphthylenediamines, 
1:5-  and  l:-8,  diazo-derivatives  of 
(Morgan  aud  Micklethwait),  T.,  4. 

Benzenesulpbonyl-4-nitro-o-toluidine 
(Morgan    aud    Micklethwait),  T., 
1294. 

Benzenesulphonyl-2-nitro-iw-toluidine 
and   its    diazotisation   (Morgan   and 
Micklethwait),  T.,  1293. 

2-Benzenesulphonyl-2:4-tolylenedi- 
amine  and  its  diazotisation  and  azo-j3- 
naphthol    derivative    (Morgan     and 
Micklethwait),  T.,  1294  ;  P.,  240. 

Benzene-l:2:6-tricarboxylic  acid.  See 
Hemimellitic  acid. 

Bsnzfuroin,  electrolytic  oxidation  of 
(Law),  T.,  1446;  P.,  197. 

Benzidine     cbromate,     so-called,     and 
allied  aubstaucea  (Moir),  P.,  258. 
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Benzidine-2-sulplionic  acid  (Mom),  P., 

258. 
Benzil,  electrolytic  oxidation  of  (Law), 
T.,  1442;  P.,  197. 
eleetrolj'tic  reduction   of  (Law),    T., 
1526. 
Benziminazoles,  synthesis  of  (Meldola), 

T.,  1938  ;  P.,  303. 
Benzoic  acid,  isomeric  fZibromo-,  men- 
thyl  esters,  rotation  of  (Cohen  and 
Zortman),  T.,  47. 
isomeric  chloronitro-derivatives,  men- 
thyl  esters,  rotation  of  (Cohe.v  and 
Armes),  T.,  454  ;  P.,  74. 
hydroxy-derivatives,     oxidation     pro- 
ducts of  (Pkrkix),  T.,  251  ;  P.,  14. 
3:4:5-/'riliydroxy-.      See  Gallic  acid. 
2:4-,   2:6-,  and  S:5-dimtro-,  mouthy! 
esters,    rotation     of     (Cohen    and 
Armes),  T.,  1479;  P.,  241. 
Benzoin  and  its  ethyl  and  acetyl  deriva- 
tives, electrolytic  oxidation  of  (Law), 
T.,  1440;  P.,  197. 
Benzophenone  chloride,  condensation  of, 
with  a-  and  ;3-naphthols  and  their 
sodium    derivatives    (Clough),   T., 
771  ;  P.,  109. 
derivatives  (Perkin  and  Weizm.a.nn), 
T.,    1649;  P.,    269;  (Perkin   and 
Robinson),  P.,  305. 
o-Benzoquinone,  hydroxy-,  and  its  acetyl 
derivative  (Perkin  and  Steven),  T., 
803  ;  P.,  114. 
Benzoyl-.     See   also   Benz-,    and   under 

the  parent  Substance. 
Benzoyl       chlorides,      di-o-substituted, 
steric  hindrance  in  the   interaction 
of  menthol  with  (Cohen),  T.,  1482. 
nitrate,   preparation  and  reactions  of 
(Francis),  T.,  1. 
Benzoylpyruvic  acid  (acetophenoiuoKalic 
«c  tVZ),  ethyl  ester, action  of  benzaldehyde 
on  (KuHEMANN),  T.,  1243  ;  P.,  198. 
Benzyl  cyanide.    See  Phenylacetonitrile. 
iodide,  action  of,   on  nitrogen  iodide 
(SiLiiERRAD  and  Smart),  T.,  172; 
P.,  15. 
Benzylideneacetylketophenylparacone. 
See  Ketobunzylidencacctyl])henyl- 

])aracone. 
Benzylidenebisdiazometliane,     ?)i-nitro- 

(RUHEMANN),   T.,    1273. 

Benzylidenemethylenedioxy-a-hydr- 
indene  (Perkix  and  Kobin.son),  P., 
160. 

l-Benzyl-2-niethylbenziminazole,  4 :7- 
rf?'nitro-6-hydroxy-,  synthesis  of  (Mel- 
dola), T.,  1940. 

o-A'^-Benzylnaphthylamine,  4-bronio-2- 
nilrf>-,  and  its  ardyl  drrivalive  and 
Tiitrrsoamine  (Meldola),  T.,  1436; 
P.,  245. 
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Biazolones,  thio-.     See  Thiobiazolones. 
Bisdiazomethane,    action    of    aldehydes 

on  (Ruhemann),  T.,  1272  ;  P.,  238. 
s-Bisdimethyldihydroresorcyl-wi-       and 

-;^phenylenediamines       and        their 

hydrofhlorides  (Haas),  T.,  392  ;  P.,  63. 
Bisdinaphthacridine      dihydride.       See 

y.TO^Sraphthacridine. 
j3-Bistriazobenzene,        preparation        of 

(Silberrad    and    Smart),    T.,    170; 

P.,  14. 
Books,  alchemical,  donation    of,  by  Sir 

Henry  E.  Koscoe,  P.,  1,  209. 
Brazilein,    derivatives  of  (Engels   and 

Prrkin),  p.,  132. 
Brazilin     and     hajinatoxylin     (Engels 

and  Perkin),  P.,  132  ;  (Perkin  and 

Robinson),  P.,  160. 
Bromine  fluoride  (Prideaux),  T.,  317  ; 

P.,  19. 
Bullets,  made  about  1641,  recently  dis- 
covered in  Durham  Castle,  composition 

of  (Silberrad  and  Simpson),  P.,  172. 
Butane,  nitro-,  formation  of  (R..\y   and 

Neogi),  T.,  1902;  P.,  260. 
Butanedicarboxylic  acids.  SeeDimethyl- 

succinic  acids. 
Butane-a35-tricarboxylic    acid   and   its 

ethyl  ester   (Kay   and   Perkin),  T., 

1642  ;  P.,  269. 
Butenoic  acid.     See  Crotonic  acid. 
Butylenetricarboxylic  acids.  See  Methyl- 

aconitic  acids. 


Caffeine,  affinity  constants  of  (Wood), 

T.,  1842  ;  P.,  271. 
Calcium      hydrogen     orthophosphates, 
action  of  ammonia  gas  on  (Bas.sett), 
P.,  315. 
hydrates  of  (Bassett),  P.,  315. 
Calcium    chloride    tube,    new    form   of 

(Hill),  P.,  87. 
Camphor,      electrolytic      oxidation      of 
(Law),  T.,  1452. 
derivatives,  chemical  constitution  of, 
in    relation    to    colour  (For.ster), 
T.,  225  ;  P.,  31. 
stercoisomeric      halogen      derivatives 
(Lowuv),  T.,  1033;  P.,  70. 
Camphoric    acid,    experiments    on    the 
synthesis   of  (Perkin   and  Thorpk), 
t.,  778,  795. 
2-Camphoric  acid,  synthesis  of  (Pk.rkin 

and  Tiioui-K),  T. ,  799. 
Camphorsulphonic  acids,  derivatives  of, 
stereoisomeric  (Ijowry  and  Mag.son), 
T.,  1(142  ;   P.,  145. 
Camphoryl-i^-carbamide,        A'-(/tbroni(>- 
and      A'-rfichloro-       (For.ster      and 
Grossmann),  T.,  402  ;  P.,  74. 
6  N 
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Camphorylmetliyl-^'-carbainide,  i\' 

bronio-  and  iV^-chloro-  (Forster  and 
Geossmann),  T.,  402  ;  P.,  74. 
Carbamide,  tliio-.     See  Thiocarhamide. 
Carbimides,  optically  active  (Pickard, 
LiTTLEBURY,  aiid  Neville),  T.,  93  ; 
(Pickard  and  Littlebuey),  T.,  467, 
1254;  P.,  71,  238. 
thio-.     See  Thiocarbiniides. 
a-Carbo-benzoxy-J-phenylthiocarbainide 

(Dixon),  T.,  904;  P.,  147. 
Carbon,  direct  union  of,  with  hydrogen 
at    higli    temjieratures    (PuiXG     and 
HuTTON),  T.,  1591  ;  P.,  260. 
Carbon    dioxide,    action    of  nltra-violet 
,  light  on  moist  and  dry  (Chadwick, 
Eamsbottom,  and  Chapman),  P., 
23. 
(bisulphide,  slow  combustion  of  (Smith), 
T.,  142. 
Carbon,  estimation  of,   in  soils  (Hall, 
Miller,  and  Maemu),  T.,  595;  P., 
103. 
Carbon   compounds.     See  Organic   com- 
pounds. 
Carbonic  acid,  thio-.     See  Thiocarbouic 

acid. 
Carbonyl  group,  the  chemical  reactivity 
of  the  (Stewart  and  Baly),  T.,  489, 
618;  P.,  33,  85. 
Caro's    acid,    constitution    of   (Price), 

T.,  53. 
j3-Carboxy-a7-dimethylcrotonic        acid, 
7-cyano-,    ethyl    ester,    formation    of 
(RoGEEsoN       and       Thorpe),       T., 
649. 
o-Carboxyphenylglyceryltropeine, 
lactone     of    (Jowett    and    Pyman), 
P.,  317. 
Carvestrene,   synthesis   of,   and   its    di- 
hydrobromide     and     dihydrochloride 
(Perkin      and     Tatteesall),      P., 
268. 
Carvomenthone,  cyano-,  and  its  oximes 

(Lapworth),  T.,  1829;  P.,  285. 
Carvomenthonecarboxylic    acid     (Lap- 
worth),  T.,  1830;  P.,  285. 
Carvone,  action  of  hydrogen  cj'auide  on 

(Lapworth),  T.,  949;  P.,  164. 
Catechol,   derivatives    of   (Pekkin    and 
Weizmakn),       T.,       1649;       P., 
269. 
dimethyl  ether.     See  Veratrole. 
Cedriret.     See  Coerulignone. 
Cellulose,  constitution  of,  and  its  triacetyl 
derivative  (Green  and  Pekkin),  T., 
811  ;  P.,  136. 
nitro-,  deconqiosition   of  (Silbeerad 
and    Faemer),    T.,    1182;     P., 
171. 
hydrolysis     of     (Silberead     and 
Faemer),  T.,  1759;  P.,  270. 


Chemical    constitution    and    absorption 
spectra,  relation  between 

(Stewaet  and  Baly),   T.,   489, 
618;    P.,    33,    85;    (Baly    and 
Stew^aet),    T.,     502;     P.,     34; 
(Baly,  Edwards,  and  Stewart), 
T.,  514  ;   P.,  35  ;  (Baly,  Maes- 
den,   and    Stew^art),    T.,     966; 
P.,    126;  (Baly  and  Tuck),  T., 
982;  P.,  142. 
and    colour,    relation    between,    in 
camphor    derivatives   (Forstee), 
T.,  225;  P.,  31. 
and  colour  and  fluorescence,  relation 
between  (Silbeerad),  T.,  1787  ; 
P.,  251. 
and    jihysiological    action,    relation 
between,  in  the  tropeines  (Jowett 
and  Pyman),  P.,  317. 
efiect  of,  on  tlie  rotatory  power  of 
optically    active     nitrogen    com- 
pounds   (Thomas    and     Jones), 
T.,  280;  P.,  10. 
dynamics.     See  under  Affinity. 
Chlorine,  interaction  of,  with  hydrogen 
(Burgess  and  Chapman),  T.,  1399; 
P.,  37. 
Chromium  sesqioioxide,  black  modification 

of  (Wernei:),  P.,257. 
Chrysaniline  {2-a7nmo-5-]}-aminophenyI- 
acridine),  acetylation  and  methylation 
of  (Dunstan  and  Hewitt),  T.,  482  ; 
P.,  73. 
Chrysophenol  and   its  acyl   derivatives 
and  their   salts,   and  its   methylation 
(Dunstan  and  Hewitt),  T.,   1472 ; 
P.,  243. 
Cinnamaldehyde,   electrolytic  reduction 

of  (Law),  T.,  1517  ;  P.,  237. 
Cinnamic   acid  and  its  esters,  addition 
of    bromine    to   (Sudborough   and 
Thomas),  P.,  318. 
dichloride.       See     ^S-Phenylpropionic 
acid,  ayS-f/ichloro-. 
Cinnamic    acids,    a-chloro-,    and    their 
derivatives  (Sudborough  and  James), 
T.  ,  ]  05. 
Cinnamoylsalicylic  acid  and  its  methyl 
and    ethyl    esters    and    quinine    salt 
(Jowett  and  Pyman),  P.,  317. 
Cinnamylidene-C-dimethyltetrazoline 

(Ruhemann),  T.,  1272. 
Citrazinic  acid  and  its  methyl  deriva- 
tives,   new    mode     of     formation    of 
(Rogerson   and   Thorpe),   T.  ,    631  ;• 
P.,  87. 
oCochlosperminic  acid  (Robinson),  T., 

1497  :  P.,  2t3. 
Cochlospermwm   Gossypium,  the  gum  of 

(Robinson),  T.,  1496  ;  P.,  242. 
Codeine,  conversion  of,  into  its  optical 
isomerides  (Lees  and  Tutin),  P.,  253. 
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Ccerulignone,  constitution  of  (Moir), 
P.,  no. 

Colloids,  coagulating  action  of  (Dueapeh 
and  Wilson),  P.,  70. 

Colour  in  relation  to  chemical  constitu- 
tion iu  camphor  derivatives  (Foiis- 
ter),  T.,22o;  P.,  31. 
and  fluorescence,  relation  of,  to  con- 
stitution (Silberrad),  T.,  1787  ; 
P.,  251. 

Colouring  matters  of  the  stilbene  group 
(Gkeex  and  Crosland),  T.,  1602; 
P.,  256. 

Copper,  estimation  of,  by  titanium  tri- 
chloride (Rhead),  T.,  1491  ;  P.,  244. 

Copper  ammoniacal  solutions,  nature  of 
(Dawson),  T.,  1666  ;  P.,  256. 

Cordite,  hydrolysis  of  (Silberrad  and 
Farmer),  T.,  1772;  P.,  270. 

Coto-bark,  synthesis  of  substances  occur- 
ring in  (Perkin  and  Robinson),  P., 
305. 

Coumarin,  residual  affinity  of,  as  shown 
by  the  formation  of  oxoniuni  salts 
(Morgan  and  Micklethwait),  T., 
863  ;  P.,  131. 

isoCoumarincarboxyltropeine  (Jowett 
and  Pvman),  P.,  317. 

Critical  temperature  and  value  of  '-q-  of 

some  carbon  compounds  (Brown),  T.  , 
311  ;  P.,  39. 
Crotonic   acid,  addition  of  bromine   to 
(Sudborough  and  Thomas),  P.,  319. 
Cryoscopy,     studies      in      comparative 

(Robertson),  T.,  567  ;  P.,  82. 
Crystallisation,  spontaneous,    of  super- 
saturated feolutions  (Hartley),  P.,  60. 
Crystallising  solutions,  refractive  indices 
of  (MiEUs  and  Isaac),  T.,  413  ;  P.,  9. 
Crystals,    experiments    on    the    regular 
growths    of,    of    one   substance    on 
those    of    another    (Barker),    T., 
1120  ;  P.,  Ill,  112. 
attractive  force  of,  for  like  molecules 
in  [saturated   solutions  (Sonstaut), 
T.,  339. 
more  exact  determination  of  the  densi- 
ties of  (Earl  of  Berkeley),  P.,  321. 
Cuminaldehyde,  electrolytic  reduction  of 

(Law),  T.,  1514,  1526  ;  P.,  237. 
Cuminoin,      electrolytic     oxidation     of 
(Law),  T.,  1444  ;  P.,  197. 
electrolvlic  reduction   of  (Law),   T., 
1518,"  1526  ;  P.,  237. 
Cyanates,  tliio-.     See  Thiocyanates. 
Cyanbenzyline,  formation  of  (Atkinson 

and  TiKjia-E),  T.,  1931. 
Cyanohydrins  of  aldi-liydes  and  ketones, 
reaction  of,  with  the  sodium  derivative 
of    ethyl    cv'anoacetate    (lIlcsON    and 
Thorpe),  T.,  1456  ;  P.,  242. 


Decanedicarboxylic  acid.  See  &fi$'^'- 
Tetraraethylsuberic  acid. 

Decenoic  acid.  See  ;8-Ethyl-a-propyl- 
acrylic  acid. 

Density  of  crystals,  more  exact  deter- 
mination of  the  (Eakl  of  Berkeley), 
P.,  321. 

Dextrose,  influence  of  sodium  arsenate 
on  the  fermentation  of,  by  yeast-juice 
(Harden  and  Young),  P.,  283. 

Diacetylacetone,  action  of  ethvl  iodide 
and  of  propyl  iodide  on  the  disodium 
derivative  of  (Bain),  T.,  1224;  P., 
196. 

Diacetyl-Z-tartaric  acid,  menthyl  ester, 
rotation  and  molecular  solutiou  volume 
of  (Patterson  and  Kaye),  T.,  1884; 
P.,  274. 

Dialkyl  disulphides,  electrolytic  prepara- 
tion of  (Price  and  Twiss),  P., 
260. 

Dianilaconitic  acid  (Ruhemann),  T., 
1850  ;  P.,  284. 

Diazoacetic  acid,  ethyl  ester,  gradual 
decomjiositiou  of  (Silberrad  and 
Roy),  T.,  179  ;  P.,  15. 

Diazoamines,  influence  of  substitution 
on  tlie  formation  of  (Morgan  and 
Clayton),  T.,  1054  ;  P.,  174. 

Diazobenzene  picrate,  action  of  ammonia 
and  amines  on  (Silberrad  and 
Rotter),  T.,  167  ;  P.,  13. 

Diazobenzene,  p-amino-,  JN'-acetyl  deriv- 
ative, perbromide  of,  preparation  of 
(Silberrad  and  Smart),  T.,  170  ; 
P.,  14. 
^-nitro-,  chloride  of,  interaction  of, 
with  5-bromo-«s(4)-dimethyl-2:4- 
diaminotoluene (Morgan and  Clay- 
ton), T.,  1058. 

Diazo-compounds,  stable,  study  of  (Mor- 
gan and  Wootton),  P.,  23. 

Diazo-reactions,  influence  of  light  on 
(Ort(jN,  Coates,  and  Burdett),  P., 
308. 

Diazo-salts,  action  of  water  on  (Cain 
and  Norman),  T.,  19. 

s-Dibenzene8ulphonyl"'/aminomesitylene 
(Muii(;an  and  Miciclethwait),  T., 
1299. 

Dibenzsulphohydroxamic  acid,  o-cyano- 
(Wai.kki:  and  Smith),  T.,  352  ;  P.,  62. 

Dibenzyl  disulphide,  electrolytic  prepara- 
tion of  (Pkice  and  TwLss),  P.,  260. 

Dicresol,  bromoderivatives  (Moir),  P., 
25it. 

Diethyl  disulphide,  electrolytic  prepara- 
tion of  (PuK IE  and  Tvviss),  P.,  260. 

6:5-Diethylbarbiturio  acid,  acidic  con- 
stants of  (Wood),  T.,  IS3.=i. 
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Diethyldiacetylacetone       (Bain),      T,, 

12:j:3  ;  P.,  196. 
s-Diethyloxamide,  N-dihromn-   and   N- 
dichhn-o-  (Chattaway  and   Lewis), 
T.,  161  ;  P.,  18. 
yS-Diglycerylphosphoric    acid     and     it.s 
calfiuin  salt  (TuTix  and   Hann),  T., 
1754;  P.,  273. 
Dihydrocarvone,     cyano-,    and    its    re- 
actions  and    its    oxime,    phenyl- 
hydrazone,    semicaibazoue,      and 
isomeric  dibromides  (Lapworth), 
T.,  945;  P.,  164. 
cyanohydrin  of,  and  its  hydrolysis, 
and    halogen    haloids    of    (Lap- 
avorth),  T.,  1822  ;  P.,  285. 
Dihydrocarvonecarboxylic    acids,     iso- 
nieiic,  and  their  oximes,  phenyliiydr- 
azone,  and   semicarbazone,   and    their 
oxidation   (Lapworth),  T.,  959;  P., 
164. 
Dihydrolaurolene  and  Dihydroisdaurol- 
ene,  su]i]iosed  identity  of,  with  1:1- 
diniethyiliexahydrobeazene    (Cross- 
LEY  and  Rexouf),  T.,  26. 
densities,    magnetic     rotations,     and 
refractive  powers  of  (Perkin),  T.  , 
33. 
Dihydroisolaurolene,      constitution      of 
(Cp.ossley       and       Renouf),       T., 
30. 
2:3-Diliydro-3-metliylindene-2-carb- 
oxylic     acid.      See     3-Methyl-2:3-di- 
hydroindene-2-carboxylic  acid. 
A'^-Dihydro-l-naphthoicacid,  the  lelativc 
catalytic  effect  of  bises  on   the  com- 
pounds of  (Pickard  and  Yates),  T.  , 
1484  ;   P.,  244. 
Dihydrophthalic   acid,    optically   active 

(Neville),  T.,  1744;  P.,  274. 
Dihydropinylamine  [pmocamphylamine), 
preparation  and  properties  of,  and  its 
salts,  acyl   derivative,   and  carbamide 
(TiLDENf  and  Shephearp),  T.,  1560  ; 
P.,  255. 
4:5-Dihydropyrazole-3:4:5-tricarboxylic 
acid,     ethyl    ester    (Silberrad     and 
Roy),  T.,  179  ;  P.,  15. 
l:4-Diliydrotetraziiie.     See  Tetrazoline. 
Dibydroumbellulones,  a-  and  3-  (Tutin), 

T.,  1117. 
o-Diketones,  relation  between  the  absorp- 
tion spectra  and  chemical  constitution 
of   (Baly   and    Stewart),    T.,    502  ; 
P.,  34. 
3:3-Diketo-5:5:5':5'-tetramethyl-A^:^'-di- 
ci/c/uhexene  (Crossley  and  Renouf), 
P.,  303. 
o-Dimethoxybenzene.     See  Veratrole. 
4:5-Dimetlioxy-a-liydrindone      and     its 
isowitroso-derivative      (Perkin      and 
Robinson),  P.,  160. 


3:4  Dimethoxy-l-methylanthraquinone. 

See      l-j\Ietliylalizarin      3:4-dimethyl 
ether. 
2:5-Dimethoxyplitlialic     acid     and    its 
anhydride  (Perkin  and  AVeizmann), 
T.,  1658. 
4:5-Dimethoxyphthalic    acid.      See    m- 

Hemipinic  arid. 
4:5-Dimethoxy-o-tolualdeliyde     and    its 
oxidation,   and    hydrazone   and   semi- 
carbazone (Perkin  and  Weizmann), 
T.,  1650. 

4:5-Dinietlioxy-o-toIuic  acid,  formation 
of  (Perkin  and  Wkiz.mann),  T., 
1651. 

Dimethyl  acetonerhamnoside  and  its 
hydrolysis  (Purdie  and  Young),  T., 
1200  ;"P.,  201. 

a7-Dimethylacoiiitic  acid,  formation  of 
(Rogersun  and  Thori'e),  T.,  647  ; 
P.,  87. 

Dimethyladipic  acids,  aa-  andj3;3-,  separa- 
tion of  (Cros.si.ey  and  Renouf),  T., 
1552;  P.,  252. 

«s(4)-DimethyI-2:4  (^iaminotoluene, 
5-bronio-,  interaction  of,  with  ;w-nitro- 
benzenediazoninm    chloride    (Morgan 
and  Clayton),  T.,  1058. 

.s-Dimethyl-4:6  rf/amino-?«-xylene,  pre- 
paration of,  and  the  action  of  diazo- 
compounds  on,  and  its  dinitrosoamine 
(Morgan  and  Clayton),  T.,  1055  ; 
P.,  174. 

5:5-Dimethylbarbituric  acid,  acidic  con- 
stants of  (Wood),  T.,  1835. 

^j3-Dimethylbutane-a75  tricarboxylic 
acid,    ethyl    ester,    action    of  sodium 
and   methvl   iodide   on  (Perkin  and 
Thorpe),  T.,  778. 

3:5-Dimethylcitrazinic  acid,  formation 
of  (RoGERSON  and  Thorpk),  T.,  648  ; 
P.,  87. 

4:6-Dimethylcoumarin,  azo-derivatives 
of  (Hewitt  and  Mitchell),  T.,  13. 

Dimethyldiethylpyrone  and  its  hydro- 
chloride and  jdatinichloride  (Bain), 
T..  1232;  P.,  196. 

l:l-Dimethyl-A"='-diliydrobenzene, 

3-anuno-5-hydroxy-,  and  its  reactions 
and  additive  salts  and  acetyl  deriva- 
tive (Haas),  T.,  192. 

Dimethyldihydroresorcin,  condensation 
of,  with  ammonia,  aniline,  and 
i;-toluidine  (Haas),  T.,  187;  P., 
17. 
condensation  of,  with  m-  and^-phenyl- 
enediamines  (Haas),  T.,  387;  P., 
63. 
disemicarbazone  (Haas),  T.,  198. 

Dimethylethylpyrone  and  its  isomeride 
and  hydrochbn'ide  and  platinichloride 
(Bain),  T.,  122S  ;  P.,  196. 


INDEX   OF   SUBJECTS. 


10G5 


;3y3-Dimethylglutaric  acid, preparation  of, 
and  electrolysis  of  its  salts  (Walker 
and  Wood),  T.,  598  ;  P.,  104. 

o-cyano-,  ethyl  ester,  sodium  deriva- 
tive, action  of  ethyl  a-bromoprop- 
ionate  on  (Peukix  and  Thokpk), 
T.,  792. 
l:l-Dimetliylq/c'/oliexane  (1:1  -dimethyl - 
hcxalujdrohenzcne),  supposed  identity 
of,  with  dihj'drolaurolene  and  di- 
hydrozsolanrolene  (CiiossLEY  and 
Renouf),  T.,  26. 

3-bromo-,  action  of  alcoholic  potass- 
ium   liydroxide   on   (Ckossley  and 
Ri:xouF),  T.,  1556;  P.,  253. 
l:l-Dimetliyl-3-t7/c/tiliexanone.      See    3- 

I\eto-l:l-dimethylt:?/fZohexane. 
Dimethykv/f/ohexene.   See  1 : 1  -Dimethyl- 

A'*-tctraliydrobenze;ie. 
1:1-  Dimethyl-  A''-c2/c^hexenone  -  5.       See 

5-Keto-l:l-diniethyl-A''-tetrahydro- 

benzene. 
l:l-Diinetliyl-A^-('!/c?ohexenone-3-.  See  3- 

Keto-l:l -dimethyl- A'*-tetialiydrobenz- 

ene. 
Dimethylhomocatechol,    preparation    of, 

and    its    condensation    with    plithalic 

anhydride  (Perkin  and  Weizm.vnn), 

T.,  1649. 
i\-Dimethyl-;3-naphtliylainine-8-sulph- 

onic     acid    and    its     potassium    salt 

(Smith),  T.,  1507  ;  P.,  236. 
s-Dimethyloxamide,     i\''-rf«bromo-      and 

iV-f^/chloro-  (CHATTAWAYand  Lewis), 

T.,  160  ;  P.,  IS. 
Dimethylpropylpyrone  and  its  isomeride 

(I^.Aix),  T.,  1234  :  P.,  196. 
3:5-Dimethylpyridine-4carboxylic  acid, 

2:6-f^('liydro,xy-.       See     3:5-l)imet]iyl- 

citiazinic  aciil. 
Dimethyl    rhamnose    and    its    reaction 

witli  methyl  alcohol  and  with  phenyl- 

liydrazine  (PuRDiE   and  Youxg),  T., 

1200  ;  P.,  201. 
Dimethylsuccinic    acids,  preparation  of 

(HiosoN  and  Thorpe),  T.,  1463;  P., 

242. 
l:l-Dimethyl-A''-tetrahydrobenzene,    3- 

amino-S-imino-,     additive      salts      of 

(Haa.s),  T.,  194. 
C-Dimethyltetrazoline,    action    of  alde- 

liydes  and  im  thyl   iodide  on  (RuilE- 

MANn),  T.,  1270;   P.,  23S. 
ay-Dimethyltricarballylic    acid,    trans-, 

and    its    aiiliyiho-acid    (Perkin    and 

Tiioki'k),  T. ,  794. 
Dimethyluracils,  a-  and  j3-,  acidic  con- 

.stants  of  (\V(H.i)),  T.,  1833. 
Dimethylxanthines.     See  Paraxanthine, 

Tlieoliromine,  and  Tlieophyllinc. 
Dinaphthacridines(SENiER  and  Austin), 

T.,  1387  ;   P.,  240. 


Di-;3-naphthoxydiphenylmethane 
(Clough),  T.,  776  ;  P.,  109. 

Dinaphtbyldiphenyl-.  See  Diphenyl- 
dinaphthyl-. 

s-Dioxaniliie,  p-monu-  and  2:4-rfi-chloro- 
(Chattaway  and  Lewis),  T.,  158  ; 
P.,  IS. 

Dicj/c/opentadiene  pyridinium  bromide 
and  chloride,  nitroso-  (Rule),  T., 
1342;  P.,  235. 
halogen-nitroso-derivatives  and  their 
conversion  into  oxime  derivatives 
(RuLE\  T.,  1340  ;  P.,  235. 

Difye^opeiitadieneiiitrolpiperidine  and 
its  salts  and  reduction  (Rule),  T.  , 
1343  ;  P.,  235. 

Dipentene,   density,    magnetic   rotation, 
and  refractive   power  of  (Pkf.kin), 
T.,  850. 
chlorocyano-  (Lapworth),  T.,  956. 

4:4'-Diplienetole-3-mono-  and  -3:3'-di- 
sulphonic  acids  (Moir),  P.,  259. 

Diphenetylphenylsulphonium  and  its 
platinichloride  (Smilks  and  Le 
Rossigkol),  T.,  705  ;  P.,  24,  87. 

Diphenetylsulphone  (Smiles  ami  TiR 
Rossionol),  T.,  707  ;  P.,  24,  87. 

Diphenol  {i-A'-dihi/drox-i/diphcnyl),   new 
deiivatives  of  (Moiu),  P-,  259. 
dibenzoate    of,     and    fitbromorfmitro- 
(Moir),  p.,  259. 

Diplienol-3:3'-di-,  -3:5:3'-tri-,  and 
-3:5 :3':5'-tetra-sulplionic  acids  (Moir), 
P.,  259. 

Diphenyl,  r?iiodo-,  action  of  chlorine  on, 
and  (/iiodoso-,  and  its  acetate  (Wer- 
ner), T.,  1633. 

l:3-Diphenylalloxan-phenylhydrazone, 
-7)-nitrophenylhydrazone,  and  -benzyl- 
?)-nitrophenylhydrazone  (Whitelev), 
P.,  200. 

Diphenylamine,  3 :6-(?initro-2-amino-5- 
hvdroxy-,  iV-2-acetyI  derivative  of 
(Mkldula),  T.,  194(). 

1:3-Diphenylbarbituric  acid  and  its  con- 
densation with  aiomatic  aldehydes  and 
5-amino-,  and  5-Jsonitroso-  and  its 
salts  and  acetyl  derivative  (White- 
i.Ev),  P.,  200. 

1:3-Diphenyl  5-benzylbarbituric  acid 
(WiirrELEV),  v.,  200. 

1:3  Diphenyl-5:5-dimethylbarbituric 
acid  (WiiiTELEv),  P.,  200. 

Diphenyldi-a-hydroxynaphthylmethane 
and  its  diai-etyl  and  dibcnzoyl  de- 
rivatives (Ci.oiMMi),  T.,  773  ;  P.,  109. 

Diphenylmethylolid,  /((.'vdiydruxy-,  and 
its  acetyl  and  benzoyl  derivi'lives 
(pKiiKiN),  T.,  25:'>  ;  P.,  'l2. 

Diphenylphenetylsulphonium  and  its 
plntiiueiilorido  (Smiles  and  Lk  Ros- 
sir.NoL),  T.,  700;  P.,  24,  87. 
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ay-Diphenylpropane,    ;8-imino-a-cyano-, 

formation  of  (Atkinson  and  Thorpe), 

T.,  1930  ;  P.,  281. 
1:3-Diplieiiyluramil.     See  1:3-Diphenyl- 

baibituric  acid,  5-amino-. 
l:3-Diplienyl-uric  acid  and  -;|/-uric  acid, 

synthesis  of  (Whiteley),  P.,  200. 
Diphenylvioluric      acid.     See      1:3-Di- 

phenylbarliituric  acid,  5-zsonitroso-. 
Dipropylglycollic  acid  (Ckichton),  T., 

932;  P.,  162. 
^  Dipropylmalonic  acid,  potassium   ethyl 

ester-salt,  electrolysis  of  (Crichtox), 

T.,  929;  P.,  162. 
Diresorcinolpyromellitein.  See  Xanthyl- 

benzene-2-carboxylactone-4:5-dicarb- 

oxylic  acid,  3:6:9-tnhjdvoxy-. 
Displacement,    reciprocal,    of    acids    in 

heterof^reneous   systems    (Joseph),    T., 

823  ;  P.,  82. 
Dixanthylbenzeiie-2:4:5:6tetracarb- 

oxylic  acids,  m-  and  |>-3:6:9:3':6':9'- 

hcxahjdvoxy-,    and    their  octal ironio- 

derivatives  and  their  salts  (Silberrad 

and  Roy),  T.,  1802  ;  P.,  252. 
Di-m-xylidilaconitic  acid  (Ruhemann), 

T.,  18.51  ;  P.,  284. 


Earths,  rare,   cliemistry  of  the    (Espo- 

SITO),   P.,   20. 

Electrochemistry'  : — 
Electrical  discharges  of  high  frequency, 
effect  of,  on  vapours  of  methyl 
alcohol  andacetaldehyde  (Jack- 
son   and   Northall-Laurie), 
T.,  1190;  P.,  156. 
effect  of,  on  acetylene  (Jackson 
and    Northall-Laurie),    P., 
155. 
Electrodes,  use  of,  in  electrolytic  reduc- 
tions (Law),  T.,  1520;  P.,  237. 
Electrolytes,  amphoteric,  influence  of 
certain,  on  amylolytic  action  (Ford 
ai)d  Guthrie),  T.,  76. 
Electrolytic     oxidation     (Law),    T., 
1437;  P.,  197. 
reduction    (Law),   T.,    1512,  1520  ; 
P.,  237. 
EUagic  acid,  molecular  weight  of,  and 
its  tetrabenzoyl  derivative  (Perkin), 
T.,  259;  P.,  42. 
reaction     of,     with     sulphuric     acid 

(Perkin),  P.,  114. 
hydroxy-.     See  Flavellagic  acid. 
Epinephrine.     See  Adrenaline. 
EsterS;,   critical   temperature  and   value 
r  ML 
of  *^  of  some  (Broavn),  T.,  313  ;  P., 

39. 


Ethane,  nitro-,  formation  of  (Ray  and 
Neooi),  T.,  1901  ;^P.,  259. 

Ethanedicarboxylic  acid.  See  Succinic 
acid. 

Ethoxy-lOdiazophenanthrene  sulphates, 
2-  antl  3-,  sodium  derivatives  of  (Hen- 
stock),  T.,  1529  ;  P.,  236. 

5-Ethoxy-l:l-dimethylcz/c/ohexane,  3- 
hydroxy-  (Crossley  and  Renouf), 
P. ,  302. 

Ethoxy/sonitrosodicyc^ispentadiene 
(Rui.k),  T.,  1341  ;  P.,  235. 

3  Ethoxyphenanthraquinonemono-oxim9 
(Henstock),  T.,  1530;  P.,  236. 

Ethyl  nitrite,  formation  of  (R.Iy'  and 
Nkogi),  T.,  1901  ;  P.,  259. 

Ethyl-a  acetonaphthalide  and  its  di- 
nitio-derivative  and  nitrosoamine 
(Mf.ldola),  '1'.,  1434. 

5-Ethylbarbituric  acid,  acidic  constants 
of  (Wood),  T.,  1835. 

Ethyleneaniline,  interaction  of,  with 
thiocarbimides  (Davis),  T.,  713  ;  P., 
114. 

Ethylenetoluidines,  interaction  of,  with 
thiocarbimides  (Davis),  T.,  713;  P., 
114. 

1-Ethylnaphthalene,  2  4-rfiamino-,  and 
its  3-carboxylic  acid  and  its  ethyl 
ester  and  their  additive  salts  (Atkin- 
son and  Thorpe),  T.,  1928  ;  P.,  282. 

a-iV-Ethylnaphthylamine,  2:4-(iinitro- 
(Meldola),  T.,  1435  ;  P.,  245. 

j8-Ethyl  a-propylacrylic  acid  and  its 
salts  (Crichton),  T.,  930  ;  P.,  162. 

Ethylsulphuric  acid,  alkali  and  alkaline- 
earth  salts,  interaction  of,  with  alkali 
and  alkaline-earth  nitrites  (Ray  and 
Neooi),  T.,  1900;  P.,  259. 

Ethyltripropylammonium  iodide,  action 
of  chlorine  on  (Werner),  T.,  1637  ; 
P.,  258. 

Extraction  apparatus  for  liquids  with 
ether  (Bowman),  P.,  24. 


Fabrics,   estimation  of  arsenic,    electro- 
lytically,  in  (Thorpe),   T.,   408;  P., 

is. 

Fermentation,     alcoholic,      by     yeast, 
cheniical    dynamics    of  (Slator),    T., 
128. 
Fischer's    salt.     See  Potassium  cobalti- 

nitrite. 
Flavellagic    acid   ami    its    acetyl    and 
benzoyl   derivatives   (Perkin),    T. , 
252;  P.,  42. 
reaction     of,      with     sulphuric     acid 
(Perkin),  P.,  114. 
Fluorene  (Perkin),  T.,  252  ;  P.,  42. 
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Fluorescence  and  colour,  relationship  of, 
to  constitution  (Silberrad),  T., 
1787  ;  P.,  2r)l. 

Fluorine,  some  reactions  and  new  com- 
pounds of  (Prideaux),  T.,  316  ;  P.,  19. 

Formazyl,  nitio-,  interaction  of,  with 
carbon  disulphide  and  potassium 
hydroxide  (Ormerod),  P.,  206. 

Formic  acid,  hydrates  of  (Colles),  T., 
1250;  P.,  207. 
cuprous    salt,    pi-eparation    and    pro- 
perties of  (Angel),  T.,  345  ;  P.,  58. 

Furfuraldehyde  {furfurol),  electrolytic 
reduction  of  (Law),  T.,  1517,  1526  ; 
P.,  237. 

Furoin,  electrolytic  oxidation  of  (Law), 
T.,  1445;  P.,  197. 

G. 

Gallacetophenone  dimethyl  ether  and 
its  hvdrazone  (Perkin  and  "VYeiz- 
MANx"),  T.,  1654. 

Gallic  acid,  oxidation  of  (Perkin),  T., 
251  ;  P.,  41. 
tiimethyl     ether     and     its     cliloride 
(Perkix  and  Weizmaxn),  T.,  1655. 

Glucose.     See  Dextrose. 

Glucosides,  alkylated,  addition  of  alkyl 
haloids  to  (Irvine  and  Moodie),  T., 
1578;  P.,  204. 

Glutaconic  acid  (Ruhemaxx),  P.,  137; 
(RoGERSOX  and  Thorpe),  P.,  146. 

Glutaric  acid  and  aa'-f?tcyano-,  ethyl 
ester  (HiGsoN  and  Thorpe),  T.,  1458. 

"Glycerine,  nitro-,"  hydrolysis  of  (Sil- 
berrad and  Farmer),  T.,  1759  ;  P., 
270. 

Glycerylphosphoric  acids,  nntural  and 
syntlietical,  7'elation  between  (Tutin 
and  Haxx),  T.,  1749  ;  P.,  273. 

Glycollyltropeine  and  its  additive  salts 
(JowKTT  and  Haxx),  T.,  360  ;  P.,  61. 

Gold,  thiocarbamide  as  a  solvent  for 
(MuiR),  T.,  1345;  P.,  105,  164. 

Gold-thiocarbamide  chloride  and  sulph- 
ate (iMoiR),  T.,  1346  ;  P.,  105,  164. 

Gondic  acid  from  the  gum  of  Cochlospcr- 
mum  irofifiypium  (RoBixsox),  T. , 
1497  ;  P.,  242. 

Grignard's  reaction,  application  of,  for 
asymmetric  syntheses  (McKexzie), 
T.,  365;  P.,  61;  (McKexzie  and 
Wrrx),  T.,  688  ;  P.,  107. 

Gum  of  Cochlospermum,  Gossypium 
(lioiuxsox),  T.,  1496  ;  P.,  242. 

Gun-cotton,  hydrolysis  of  (Silberrad 
and  Farmer),  T.,  1763;  P.,  270. 

Gunpowder,  made  about  1641,  recently 
discovered  in  Durham  Castle,  com- 
position of  (Silberrad  and  Simphdn), 
P.,  172. 


H. 

Haematoxylin  and  brazilin  (Engels  and 

Perkix),     P.,    132;     (Perkin    and 

Robinson),  P.,  160. 
Halogen,  estimation  of  (Moir),  P.,  261. 
Helium    and    argon,    occurrence   of,    in 

malacone  (Kitchix  and  Wixteeson), 

T.,  1568;  P.,  251. 
Hemimellithene.     See   1:2:6-Trimethyl- 

benzene. 
Hemimellitic  acid,  3:5-rftchloro-,  and  its 

anhydride,   imide,   and  methyl    esters 

(Crossley  and  Hills),  T.,  884;  P., 

144. 
«i-Hemipinic  acid,  formation  of  (Perkix 

and  Weizmann),  T.,  1651. 
Heptanedicarboxylic    acid.       See     Di- 

propylnialonic  acid. 
Heptanetetracarboxylic  acid.     See  ayy- 

Trimethylbutane-o/8/85-tetracarboxylic 

acid. 
Heptanetricarboxylic  acid.   See  077-Tri- 

metliylbutane-a;35-tricarboxylic  acid. 
Heteroxanthine,    afhnity    constants    of 

(Wood),  T.,  1840  ;  P.,  271. 
Hexahydro-«i-  and  -^j-toluic  acids.    See 

l-JIethylt7/(Vohexane-3-    and    -4-carb- 

oxylie  acids. 
Hexaliydro-;>-tolylacetic        acid       and 

a-bromo-  (Perkin  and  Pope),  P.,  108. 
Hexahydro-^'-tolylcarbinol       and       its 

bromide  (Perkin  and  Pope),  P.,  108. 
2:3:4: 3':4':5'-Hexamethoxybenzophenone 

(I'ERKix,  "Weizmaxx,  and  Hardixg), 

T.,  1665. 
Hexametlioxydiphenylph.tlialide     (Per- 
kix and  Weizmann),  T.,  1657. 
Hexanedicarboxylic     acids.       See     Di- 

niethyladipic  acids. 
Hexanetricarboxylic  acid.     Sec  /SySDi- 

m('thyll)utane-a'y5-tricarboxylic  acid. 
c?/fA;Hexanone-3-carboxylic  acid  and  its 

ethyl  ester  (Ferkin  and  Tattersall), 

P.,  268. 
cv/c/t'Hexanone-4-carboxylic    acid,    pre- 
paration  of  (Kay  and   Perkin),  T., 

1640  ;  P.,  270. 
c//rA;Hexanone-2:4-dicarboxylic       acid, 

ethyl    ester  (Kay   and   Perkin),  T., 

1647  ;  P.,  270. 
Hexaresorcinolmellitein.       Sec      s-Tri- 

xant  by  lbenzi'ne-2:4:6- tricarboxylic 

acid,  3:6:9:3':6':9':3":6":9"-Mowrthydr- 

oxy-. 
Hexylsuccinic      acid,     preparation     of 

(HiGHOx  and  Thorpe),  T.,  1469;  P., 

242. 
Homocatechol  dimethyl  ether.     See  Di- 

mel  iiyllioniocatechol. 
Homofluorindine,  iircparation  of  (I;Kices- 

tki;),  1'.,  41. 
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Homoterpenylic      acid,     synthesis      of 

(SiMONSEX),   P.,   307. 

Hydantoin,  acidic  constants  of  ("Wood), 

T.,  1833. 
Hydrates    of    compounds   containing   a 
carbonyl  group,  formation  of  (Colles), 
T.,  1246;  P.,  207. 
Hydrazine  platinocyanide  and  its  hydr- 
ates (Levy  and  Sisson),  T.,  125. 
Hydroanisoin       and      zsoHydroanisoin 

(Law),  T.,  1.515,  1525;  P.,  237. 
Hydrocarbons  and  their  halogen  deriva- 
tives, cryoscopy  of,  in  phenol  solu- 
tion   (RoBEirrsoN),    T.,    567  ;    P., 
82. 
and  oxygen,  interaction  of  well-dried 
mixtures  of  (Bone  and  Andrew), 
T.,  652;  P.,  78. 
the   explosive    combustion   of    (Bone 
and  Drugman)    T.,    660;  P.,    78; 
(Bone,  Drugman,  and  Andrew), 
T.,  1614;  P.,  272. 
oxidation  of,  hy  ozone  at  low  tempera- 
tures   (Drug.man),    T.,     939;    P., 
163. 
aromatic,     critical     temi)erature     and 

value  of  '-^  of  some  (Brown),  T., 

314  ;  P.,  39. 
Hydrocuminoin   and  tsoHydrocuminoin 

(Law),  T.,  1514;  P.,  237.   ' 
Hydrogen,  direct  union  of,  with  carbon 
at   high   temperatures    (Pring   and 
Hutton),  T.,  1591  ;  P.,  2*)0. 
inteiaction  of,  with  chlorine  (IjURGESS 

and  Chapman),  T.,  1399  ;  P.,  37. 
cyanide    (hydrocyanic  acid),  reactions 
involving  the  addition  of,  tn  carbon 
compounds   (Lapworth),    T.,   945, 
1869  ;  P.,  164,  285. 
peroxide,  formation  of,  in  the  evapora- 
tion of  water  (Smith),  T. ,   481; 
P.,  40. 
interaction  of,  with  potassium  per- 
sulphate (Friend),  T.,  1092  ;  P., 
161. 
sulphide,    new   laboratory  method   of 
preparing  (Wilson),  P.,  312. 
Hydrolysis.       Sec       under       Affinity, 

cheniical. 
Hydropiperonyloin    and  ?.9&Hydropiper- 

onyloin  (Law),  T.,  1515  ;  P..  237. 
Hydrosalicyloin  (Law),  T.,  1516,  1526  ; 

P.,  237. 
Hydrovanilloin   (Laav),   T.,    1516;    P., 

237. 
Hydroxylamine  platinocynnide  and  its 
hydrates  (Levy  and  Sisson),  T., 
127. 
Hydroxylamine-a/S-disulphonates  and 
their  decomposition  and  hvdrolysis 
(Haga),  T.,  240;  P.,  29. 


I. 

Imino-compounds,  formation  and  re- 
actions of  (Atkinson  and  Thorpe), 
T.,  1906  ;  P.,  281. 
influence  of  other  groups  on  the 
acidity  of  the  imino-group  in 
(Wood),  T.,  1831  ;  P.,  271. 

Indigotin,  oxidation  product  of  (Perkin), 
P.,  198. 

Indigo-yellow  (Perkin),  P.,  199. 

Iodine,      multivalent,      derivatives      of 
(Werner),  T.,  1625  ;  P.,  258. 
fluoriJe  (Prideaux),  T.,  316;    P.,  19. 

lodo-derivatives,  organic,  action  of 
chlorine  on  (Werner),  T.,  1625  ;  P., 
258. 

Iron,  the  rusting  of  (Moody),  T.,  720  ; 
P.,  101  ;  (Nance),  P.,  143. 

Isodimorphism  in  the  alkali  series 
(Tutton),  T.,  1059;  P.,  153. 

Isomerism,  dvnamic,  studies  in  (Lowry), 
T.,  1033  ;  P.,  70  ;  (Lowry  and  Mag- 
son),  T.,  1042  ;  P.,  145. 

Isomorphism,  theory  of,  as  based  on 
experiments  on  the  regular  growths  of 
crystals  of  one  substance  on  those  of 
another  (Barker),  T.,  1120  ;  P.,  Ill, 
112. 

Isorropesis — a  new  tvpe  of  oscillation 
(Steavart  and  Baly),  T.,  498,  618; 
P.,  34,  85  ;  (Baly  and  Stewart),  T., 
503:  P.,  34;  (Baly,  Edwards,  and 
Stewart),  T.,  514;  P.,  35. 


K. 


Kaempferitrin  (Perkin),  P..  199. 

Kaempferol  from  Natal  indigo  plants 
(Pkukin),  p.,  199. 

4-Keto-3-acetyl-5-benzylidene-2-methyl- 
dihydrofuran,  action  of  phenylhydr- 
azine  on  (Ruhemann),  T.,  687  ;  P., 
89. 

1  Keto-2-acetyl-4-plienyl-3-methylc!/cZo- 
pentadiene,  5-hydroxy-.  See  Acetyl- 
oxalylphenylmethylpropene. 

Ketoacetylphenylparacone  and  its  m- 
and  77-nitro-derivatives  and  phenyl- 
hydrazone,  and  the  action  of  aromatic 
bases  on  (Ruhemann),  T.,  1240  ;  P., 
198. 

5-Keto-3-anilino-l:l-dimethyl-A^-tetra- 
hydrobenzene,     iV-acetyl     derivative, 
and  its semicarbazone  (Haas),  T.,  203. 

Ketobenzylideneacetylphenylparacone 
(Ruhemann),  T.,  1240. 

3-Keto-l:l-dimethyl-cyc/ohexane  and 
-A"'-c7/c/oliexene  (Crossley'  and  Re- 
nouf),  p.,  303. 
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5-Keto-l:l-dimethyl-A-'-tetrahydrobenz- 
ene,  3-aniino-,  ^S'-aeetyl  deiivafive  of, 
and  itsst-micnrbazoiiG  (Haas),  T.,  193. 
3-Keto-l:l-dimetliyl-A^-tetraliydrobenz- 
ene  {'i-keto-l-A-dimelhyl-A^-cyclo- 
hcxene),  5-cliloro-,  action  of  reduc- 
ing   agents    on     (Crossley    and 
Rexouf),  p.,  302. 
condensation    of,    with     ammonia, 
aniline,  and   i»)-toluidine  (Haa.s), 
T.,  187;  P.,  17. 
condensation    of,    with    m-   and  2'- 
phenylenediamines     (Haas),    T., 
387;  P.,  63. 
3-Keto-o7diplienylpropane,      a  cyano-, 
formation  of  (Atkix;<ox  and  Thorpe), 
T.,  1931. 
Ketohexahydrobenzoic  acids.     See  cyclo- 

Hexanonecarboxylic  acids. 
Ketones,    pbeuylhydrazones  of,  relation 
between   the  absorption   spectra    and 
chemical   constitution   of  (Baly   and 
Tuck),  T.,  982;  P.,  142. 
Ketonic   compounds,    action   of  phenyl- 
jiropiolyl    chloride   on    (Ruhemann), 
T.,  682':  P.,  89. 
Ketophenylparacoplienone       and       the 
action   of  aromatic  bases   on    (Ri;he- 
mann),  T.,  1243  ;  P.,  198. 
5-Keto-3-?>toluidino-l:l-dimethyl-A-'- 
tetrahydrobenzene,    iV-acetyl     deriv- 
ative, and  its  semicarbazone  (Haas), 
T.,  197. 
4-Keto-l:l:3-trimethylpentaniethylene- 
2:3-dicarboxyIic      acid.     See      1:1:3- 
Tiimethyl-4-n/c^opentanone-2:3-di- 
carboxvlic  acid. 


Lactic  acid,  resolution  of,  by  morphine 

(Irvine),  T.,  93.5;  P.,  159. 
Z-Lactic  acid,   asvmmetric  synthesis   of 
(McKexzie  and  Wrkx),  T.,  689  ;  P., 
107. 
Laurolene  and  iscLaurolene,  preparation 
and  reactions  of  (Crossley  and  Re- 
xouf). T.,  37. 
densities,    magnetic     rotations,     and 
refractive  powers  of  (Perkix),  T., 
33. 
Letter  of  condolence  to  Madame  Curie, 

P.,  12.'.. 
Light.     See  under  Photochemistry. 
rf-Limonene  from  tlie  oil  from  tiio  fruit 
of  riltosporum  undtdaliuii  (Pf)\VEii 
aridTuTiN),  T.,  1087;  P.,  170.  _ 
nitrasochlorides,  action  of  magnesium 
methyl     iodide    on    (Til.DEN     and 
SiiEi'iiEAun),  T.,  920  ;  P.,  162. 
Linking,  double,  optical  elFects  of  adja- 
cint  (i5i;uill,),  P.,  319. 


Liquid  mixtures,  viscosity  of  (Drx.STAN), 

P.,    89  ;  (DuxsTAX    and   Wilson), 

P.,  308.' 

volume     of     a     dissolved    substance 

(Lumsden),  p.,  306. 

Liquids,  theory  of  the  intermiscibility  of 

(Holmes),  T.,  1774  ;  P.,  272. 
Longstaff    medal,    presentation    of,     to 
Professor    W.    N.    Hartley,    P.,    169, 
246. 


M. 

Magnetic  rotation.  See  under  Photo- 
chemistry. 

Malacone,  a  silicate  of  zirconium,  con- 
taining argon  ami  helium  (Kitghix 
and  AVintehsox),  T.,  1568  ;  P.,  251. 

Malamide,  influence  of  various  sub- 
.stituents  on  the  optical  activity  of 
(Fraxklaxd  and  Done),  T.,  1859; 
P.,  286. 

Malonic  acid,  ethyl  ester,  sodium  deriv- 
ative, action  of  tribromopropaue  on 
(Perkin  and  Simoxsex),  P.,  133. 

Mellitic  acid  {benzcneJiexacarboxylic 
ncid),  condensation  of,  with  resorcinol 
(SiLBEURAn),  T.,  1787  ;  P.,  251. 

Memorial  lecture;  Cieve  (Thorpe),  T., 
1301  ;  P.,  169. 

A'',*(^'-/)-Menthadiene,  synthesis  of  the 
optically  active  modifications  of  (Iv.\Y 
and  Perkix),  T.,  839;  P.,  72. 

A".8i«)-j))-Menthadienes,  d-  and  dl-, 
densities,  magnetic  rotations,  and 
refractive  powers  of  (Perkix),  T., 
849. 

Menthanedicarboxylic  acid,  amino-, 
lactam  of  (Clarke  and  Lapworth), 
T.,1879. 

i-Menthene  (A^'-p-m/^n/ZiCJie),  synthesis 
of,  and  its  nitrosochloride  (Perk in), 
T.,  832. 

A'-7H-Menthenol(8)  (Perkix  and 
Tatteusall),  p.,  269. 

A''-7^Menthenol(8),  synthesis  of  the 
optically  active  modifications  of  (Kay 
and  Pekkix),  T.,  839  ;  P.,  72. 

rfi-A''-/)-Menthenol(8),  density,  magnetic 
rotation,  and  refractive  power  of 
(Perkin),  T.,  851. 

Menthol,  electrolytic  oxidation  of  (Law), 
T.,  1452. 

Menthol,  tertiary  {Y-incnt.hanol-\),  syn- 
thesis of  (Pk.i:kin),  T.,  832. 

Mentholcarboxylactones,  ryano-,  iso- 
meric (Clarke  and  Lapwohth),  T. , 
IS  SO. 

Menthonecarboxylic  acid  and  its  anhydr- 
iile,  scniic.ubazDiii',  iind  anhvdramido 
(Clarke  and  [,ai'W(irtii),  T.,  1873; 
P.,  285. 
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Menthonecyanoliydrin,  cyano-  (Clarke 

and  Lapworth),  T.,  1877  :  P.,  285. 
/-Menthylcarbimide,  reactions   of,  with 

alcohols       (PiCKARD,       LiTTLEBURY, 

and  jN'evillr),  T.,  93  ;  (Pickard 
and  Littlebury),  T.,  467  ;  P.,  71. 
resolution  of  a-phenyl-a'-4-h}"dioxy- 
phenylethane  by  (Pickard  and 
Littlebury),  T.,  467  ;  P.,  71. 
resolution  of  ac.  -tetrahydro-2-naphthol 
by  (Pickard  and  Littlebury),  T., 
1254  ;  P.,  238. 

Mercury  alloy  with  ammonium,  con- 
stitution of  (Rich  and  Trayers),  T., 
872;  P.,  136. 

Mesitylene,  rfiamino-,  monoacj'l  deriv- 
atives, action  of  nitrous  acid  on 
(Morgan  and  Micklethwait),  T., 
1298  ;  P.,  240. 

Metallic  chlorides,  action  of  nitrogen 
sulphide  on  (Davis),  T.,  1575;  P., 
261. 

Metals,  rapid  electro-analysis  of  (Sand), 
P.,  43. 

Meteoric  stone  from  the  Kangra  Valley, 
description  and  spectrographic  analysis 
of  (Hartley),  T.,  1566  ;  P.,  251. 

Methane,  synthesis  of  (Pring  and  Hut- 
ton),  T.,  1591  ;  P.,  261. 

fJ-Methoxybenzenediazo-^'-semicarb- 
azinocamphor      and      its      reactions 
(Forster),  T.,  237  ;  P.,  31. 

Methoxynaphthoylbenzoic  acid  and  6- 
nitro-,  metljyl  esters  (Orchardson 
and  Weizmann),  T.,  120. 

3-Methoxyphthalic  acid  and  its  deriv- 
atives (Robinson),  P.,  323. 

4-Methoxyphthalic  acid  (Bentley  and 
Weizmann),  p.,  323. 

6-Methoxy-7)!-phthalophenone,  -I-A-di- 
hydroxy-,  and  its  dibenzoyl  derivative 
(Perkin  and  Robinso^;),  R,  306. 

/-Methoxypropionic  acid,  metliyl  ester, 
reduction  of,  liy  hvdriodic  acid 
(Irvine),  T.,  938  ;  P.,  159. 

j:?-Methoxysalicaldimethoxy-o-hydr- 
indone  (Perkin  and  Robinson),  P., 
161. 

3-Methoxy-o-tolualdehyde  (Perkin  and 
Weizmann),  T.,  1652. 

2-Methoxy-;)-toluic  acid  and  its  methyl 
ester  (Perkin  and  Weizmann),  T., 
1558. 

3-Methoxy-o-tolylacrylic  acid  (Perkin 
and  Weizmann),  T.,  1652. 

Methyl  alcohol,  effect  of  electrical  dis- 
charges of  high  frequency  on  the 
vapour  of  (Jackson  and  North  all- 
Laurie),  T.,  1190;  P.,  156. 
iodide,  action  of,  on  nitrogen  iodide 
(SiLBERRAD  and  Smart),  T.,  172; 
P.,  15. 


Methylaconitic  acids,  o-  and  y-,  forma» 
tion  and  tantomerism  of  (Kogerson 
and  TiiORTE),  T.,  642;  P.,  87. 

Methylacridine  methiodide,  constitution 
of  the  cyanide  and  hydroxide  from 
(Tinkler),  T.,  856  ;  P.,  135. 

1-Methylalizarin  3:4-dimethyl  ether 
(Pei:kin  and  Weizmann),  T.,  1660. 

2-Methylamino-4-methylthiazole,  meth- 
ylationof(YouNGandCROOKEs),T.,68. 

Methyhsoamylaniline,  preparation  of 
(Thomas  and  Jones),  T.,  294. 

Methylarabinosides,  o-  and  0-,  niethyl- 
ation  of  (Purdie  and  Rcse),  T., 
1207  ;  P.,  201. 

MethylLsobutylaailine,  preparation  of 
(Thomas  and  Jones),  T.,  292. 

Methylcitrazinic  acids,  3-  and  5-,  forma- 
tion of  (Rogerson  and  Thorpe),  T., 
643;  P.,  87. 

3-Methyl-2:3-dihydroiiidene-2-carb- 
oxylic    acid,    resolution    of,    into    its 
optically  active  isomerides  (Neville), 
T.,  383  ;  P.,  64. 

Methyldihydroresorcin,  condensation  of, 
with  7M-pheuylenediamine  (Haas), 
T.,  577. 

4-Methyl-2:3-dihydrotMazole,  2-imino-, 
acetyl  derivative  of  (Young  and 
Crookes),  T.,  67. 

Methyldinaphthacridine  and  its  additive 
salts  (Senier  and  Austin),  T.,  1393  ; 
P.,  241. 

3':4'-MethyIenedioxy-3.4  dimethoxy- 
benzophenone    (PeiuvIN,    Weizmann, 
and  Creeth),  T.,  1662. 

Methylenedioxyhomophthalic  acid 

(Perkin  and  Robinson),  P.,  160. 

Methylenedioxy-a-hydrindone  and  its 
oxinie  and  isonitroso-derivative  (Per- 
kin and  Robinson),  P.,  160. 

3':4'-Methylenedioxy-2:4:6-trimethoxy- 
benzophenone  {oryTcucotin),  synthesis 
of  (Perkin  and  Robinson),  P.,  306. 

2-Methyl-l-ethylbenziminazole,  4:7- 
f/aiitro-6-hydroxy-,  synthesis  of  (Mel- 
dola),  T.,  1941. 

«.?-Metliylethylethylene,  formation  of 
(Walker  and  Wood),  T.,  603  ;  P., 
104. 

a-Methyl-a-ethylsuccinic  acid,  prepara- 
tion  of  (HiGsoN    and   Thorpe),   T. 
1467  ;  P.,  242. 

l-Methylcj/cA'hexane-Scarboxylic  acid 
{hexahydro-m-toluic  acid),  1-bromo-, 
and  1 -hydroxy-,  lactone  of  (Perkin 
and  Tattersall),  P.,  268. 

l-Methylc|/c?oliexane-4-carboxylic  acid 
{hcxahydro-'p-toluic  acid),  a-bromo- 
and  a-hydroxy-  (Perkin),  T.,  835. 

jj-Methyl(-?/c/ohexanone  and  its  semi- 
carbazone  (Perkin),  T.,  836. 
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l-Methyl-A^-«/c?ohexene-3-carboxylic 

acid      {h}-tdra}iydro-m-tohiic       and) 

(Pkiikin      ami      Tatteksall),      P., 

•269. 
l-Methyl-A^-c/zc/yhexene^-carboxylic 

acid  {A^-tetrahydro-\>-toluic  acid)  and 

its      optically     active     modifications 

(Perkin),   T.,  835;  (Kay  and   Per- 

Kix),  T.,  840;  P.,  72. 
f?J-l-Methyl-A^-cyc?ohexene-4-carboxylic 

acid,   ethyl    ester,    density,    maguetii; 

rotation,    and     refractive     power     of 

(Perkin),  T.,  8.52. 
l-Methylcyt;;yliexylidene-4-acetic      acid 

and  its  ethyl  ester  (Perkin  and  Pope), 

P.,  107. 
4-Metliyl-a-naplitliacouniarin,  azo-deriv- 

atives   of  (Hewitt  and   Mitchell), 

T.,  17. 
l-Methylnaphthalene,  2:4-fZiamino-,  and 

its   3-carboxylic   acid   and    its   ethyl 

ester,  and  their  additive  salts  (Atkin- 
son   and    Thorpe),    T.,    1924;     P., 

282. 
Methylparaconyltropeine  and  its  addi- 
tive silts   (Jowett   and   Hann),    T., 

361  ;  P.,  61. 
2-Methyl-5-isopropenylbexahydroiso- 

pbthalic  acid  (Lapworth),  T.,  1825  ; 

P.,  285. 
l-Methyl-4-/.sopropenylf!/r/ohexanone-2, 

6-cyano-.    See  Dihydrocarvone,  cyano-. 
2-Metbyl-5-/*jpropenyl-A'--tetrahydro- 

isopbthalic    acid    and    its    reduction 

(Lapworth),  T.,  1823  ;  P.,  285. 
Methyli'sopropylaniline,    preparation    of 

(Thomas  and  Jones),  T.,  287. 
Methylpyridine  4-carboxylic    acids,    3- 

and  5-,  2:6-(^ihydroxy-.     See  Methyl- 

citrazinic  acids. 
Metbylrhamnoside,       methylation       of 

(PURDIE   and  Youno),  T.,  1201  ;   P., 

201. 
Methylsuccinic     acid,     preparation     of 

(HiGSON  and  Thorpe),  T.,  1462  ;  P., 

242. 
/8-Methyltauriiie,   formation  of  (Young 

and  (Jrookes),  T.,  71. 
Methyltetrabydrobenzene.    See  Methyl - 

cj/cVohe.vene. 
Methyluracil,  acidic  constants  of  (Wood), 

T.,  1833. 
7-Metbylxanthine.    See  Heteroxanthine. 
Mixtures,   binary,    vapour   pressures   of 

(Maiishall),  T.,  1350;  I'.,  154. 
Molecular  arianf^omcnt  in  a(ineous  mix- 
tures of  tlic  lower  alcohols  and  acids 
of  the  paraffin  3Hri(!S,  nature  of  the 
(IIoLMKs),  T.,  1774;  P.,  272. 

com[)lexity      in      the      licjuid      state 
(Holmes),  T.,  1774;  P.,  272. 

weights.     iSoo  Weicrhts. 


Molybdenum  j;e?itechloride,  action  of 
nitrogen  sulphide  on  (Davis),  T., 
1577  ;  P.,  261. 

Morphine,  conversion  of,  into  its  optical 
isomerides  (Lees  and  Tutin),  P.,  253. 


N. 

Napbthacenequincne,       aminohydroxy- 
and  hydroxy-derivatives  (Bentley, 
Friedl,  Thomas,  and  "\Veiz.mann), 
P.,  324. 
and  its  chloro-,  chlorobromo-,  hydroxy- 
amino-,  and   hydroxybromo-deriva- 
ti  ves  (Orch  ardson  and  Weizmann), 
T.,  115. 
isoNaphthacridine    {bisdinaphthacridine 
dilnjdridc),    Morgan's     (Senier    and 
Austin),  T.,  1398. 
/3-Naphthaldebyde,  synthesis  of,  and  its 
bisulphite    compound,    phenylhydraz- 
one,  semicarbazone,  and  azine,  and  di- 
nitro-derivative  (MoNiER- Williams), 
T.,  275  ;  P.,  22. 
Naphthalene,    l:3-f/iamino-.      See    1:3- 

Naplithylenediamine. 
Naphthalene  series,  steric  hindrance  in 

the  (Smith),  T.,  1505  ;  P.,  236. 
Napbthalene-)3-sulphonic  acid,  mentliyl 
ester,  and  its  rotation  (Patterson  and 
Frew),  T.,  332;  P.,  19. 
Naphthoic      acids,     reduced     optically 
active     (Pickap.o    and    Yate.s),    T.  , 
484,  1101  ;  P.,  202,  244. 
/3-Naphthol  derivatives,  mobility  of  sub- 
stituents  in  (Hewitt  and  Mitchell), 
T.,  1167  ;  P.,  170. 
2-Naphthol,  l-chloro-4-bromo-,  prepara- 
tion of  (Meldola  and  Dale),  P., 
157. 
l)romo-,  acetyl  derivative  of  (Hewitt 
and  Mitchell),  T.,  1173  ;  P.,  171. 
nitro.so-,    action    of    nitric     acid     on 
(Hewitt  and  Mitchell),  T.,  1172  ; 
P.,  171. 
Napbthols,  a-  and  yS-,  and  their  sodium 
derivatives,      condensation     of,     with 
benzoph(.'nf)ne  chloride  (Clouoh),  T., 
771  ;  P.,  109. 
2  Naphthol-8-sulphonic  acid,  l-bronio-, 
sodium  salt  (Smith),  T.,  1511  ;  P.,  236. 
/SNaphthoylacetic  acid,  ethyl  esler,  and 
its  liydiazonc  (Wm/.MANN  and  Falk- 
ni:r),  T.,  122. 
/3-Naphthoylacetoacetic  acid,  ethyl  ester, 
preparation  and  reactions  of  (Weiz- 
mann  and  Falknkr),  T.,  123. 
Naphthoylbenzoic  acid  and  its  chloro- 
hionio-,  hydnixybionio-,  and  hydroxy- 
nitro-derivatives    (Orchardson    and 
Wr.iZMANN),  T.,  115. 
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;3-Naphthylacrylic  acid,  preparation  of 
(MoNiEii-WiLLiAMi^),  T.,  277  ;  P.,  22. 

Naphthylamine,  a-iV^-alkylated,  deriva- 
tives of  (Meldola),  T.,  1434;  P., 
245. 

l-Naphthylamine,  4-bromo-2-nitro-,  di- 
azotisation  of  (Meldola  and  Dale), 
P.,  1^6. 
5-  and  8-nitro-.  preparation  of  (Morgan 
and  Micklethwait),  T.,  7. 

Naphthylamines,  a-  and  j8-,  compounds 
of,  with  trinitrobenzene  and  the  in- 
fluence of  substituentson  (Sudborough 
and  PicTOx),  T.,  583  ;  P.,  84. 

1:3-Naplitliylenediainine  and  its  2-carb- 
oxylic  acid  and  its  ethyl  ester  and 
their  salts  (Atkinson  and  Thorpe), 
T.,  1920;  P.,  282. 

)3-Naphthylideneaniline  (Monier- 

WlLLIAMS),  T.,  276. 

l-Naplitliyl-2inetliylbenziininazoles,    a- 

and    j3-,    4:7-(/initro-6-hydroxy-,    .syn- 
thesis of  (Meldola),  T",  1942. 
/S-Napbthylpropionic    acid,    preparation 

of  (M0XIER-W1LLLA.MS),  T. ,  277. 
Nitrates,  estimation   of  (Sinnatt),   P., 

255. 
Nitro-derivatives,  aromatic,  compounds 
of,    with    arylamines    (Jackson    and 
Clarke),  P.,  83. 
Nitrogen,    atomic    weiglit    of,    possible 
source  of  error  in  Stas'  determination 
of  tbe  (Gray),  T.,  1173  ;  P.,  197. 
liquid,  density  of,  and  of  its  mixture 
with    liquid    oxygen    (Inglis    and 
Coates),  T.,  886;  P.,  146. 
oxidation  of  (Smith),  T.,  475  ;  P.,  40. 
Nitrogen   iodide,   action  of  methyl  and 
benzyl  ioilides  on  (Silberrad  and 
Smart),  T.,  172  ;  P.,  15. 
sulphide,  action  of,  on  certain  metallic 
chlorides  (Davis),  T.,  1575  ;  P., 261. 
Nitrogen,  estimation  of,  by  the  absolute 
method,  occurrence  of  methane  among 
tbe  decomposition  products  of  certain 
nitrogenous  substances  as  a  source  of 
error  in  (Haas),  T.,  570  ;  P.,  81. 
Nitrogen    compounds,  optically    active, 
effect  of  constitution  on  the  rotatory 
power  of  (Thomas  and   Jones),  T., 
280;  P.,  10. 
isoNitroso-compounds,  relation  between 
the    absorjition  .spectra   and  chemical 
constitution  of  (Baly,  Marsden,  and 
Stewart),  T.,  966  ;  P.,  126. 


0. 

Octanedicarboxylic    acid.     See    Hexyl- 

succinic  acid. 
Optical     activity.      See    under    Photo- 
chemistry. 


Organic  compounds,  critical  temperature 
and  value  of  — -  of  (Brown),  T., 

311  ;  P.,  39. 

reactions   involving    tbe    addition   of 
hydrogen  cyanide  to  (Lapworth), 
T.,  945,  1869;  P.,  164,  285. 
Organism,    tbe    living,    as    a    chemical 

agency  (Meldola),  T.,  749. 
Osmotic  pressure  of  solutions  of  sugar 

in  mixtures  of  ctbyl  alcohol  and  water 

(Barlow),  T.,  162. 
Oxalic  acid,  ferrous  salt,  molecular  con- 
dition   of,    in   solution   (Sheppard 
and  Mees),  P.,  105. 

ethyl  ester,   action  of,   on  acetanilide 
and   its   bomologues    (Ruhemann), 
T.,  1236;  P.,  197. 
Oxamides,   halogen  derivatives    of  sub- 
stituted   (Chattaway    and    Lewis), 

T.,  155  ;  P.,  18. 
Oxanilamide,  ^-?/i.o;?o-  and  2:4-rf«-cbloro- 

(Chattaway  and   Lewis),   T.,  158  ; 

P.,  18. 
Oxanilic  acid, '?'-toowo- and  2:4-rfi-cbloro-, 

ethyl  esters  (Chattaway  and  Lewls), 

T.,''l58  ;  P.,  18. 
Oxidations,  slow,  in  presence  of  moisture 

(Smith),  T.,  473  ;  P.,  39. 
o-Oxydinaphtbyldipbenylmethane 

(Clough),  T.,  775;  P.,  109. 
Oxygen,    liquid,   density  of,   and  of  its 

mixture  with  liquid  nitrogen  (Inglis 

and  Coates),  T.,  886  ;  P.,' 146. 
Oxyleucotin.       See         3':4'-Metbylene- 

dioxy-2:4:6-trimethoxybenzophenon('. 
Oxyuracil,  acidic  constants  of  (Wood), 

T.,  1834. 

P. 

Paper,    estimation    of    arsenic,    electro- 

Jytically,  in  (Thorpe),  T.,  408  ;  P.,  73. 

Parabanic    acid,    acidic     constants     of 

(Wood),  T.,  1834. 
Paraxanthine,      affinity     constants     of 

(Wood),  T.,  1842  ;  P.,  271. 
c?/c^Pentadiene      nitroso-bromide      and 
'  -chloride  (Rule\  T.,  1340  ;  P.,  235. 
l:2:3:3':4'-Pentamethoxybenzoplienone 
and  hydroxy-  and   its  benzoyl  deriv- 
ative,   synthesis     of     (Perkin     and 
Robinson),  P.,  305. 
2:4:6:3':4'-Pentamethoxybenzophenone 
{pentamethylmaclurin)    and      bromo-, 
synthesis  of  (Perkin  and  Robinson), 
P.,  30.5. 
3:4:3':4':5'-Pentametlioxybenzophenone 
and  its  oxime  (Perkin,  Weizmann, 
and  Naylor),  T.,  1664. 
2-hydroxy-,  and  its  oxime   (Perkin, 
Weizmann,    and    Harding),    T., 
1665. 
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Pentamethylmaclurin.     See  2:4:t):3':4'- 

Peutainetliox^'benzophenone. 
Pentanedicarboxylic    acids.      See    B^- 
Dimetliylglutaric     acid,      a-'Metliyl-a- 
etliylsucciiiic    acid,     and    Triinethyl- 
succinic  acid. 
Pentanetricarboxylic    acid.      See      ay- 
Dime  thyltricarballylic  acid. 
Pentane-aye-tricarboxylic    acid,    etlnd 
ester  (Kay  and  PEracix),   T.,   Idlf  ; 
P.    270. 
c(/cZoPeiitaiioiie-4-carboxylic    acid,    pie- 
paratioii  of,   and  its  oxiine  and  semi- 
carbazone    {Kxx    and    Perkix),    T. , 
]640  ;  P.,  270. 
c?/c^Pentanoii9-2:4-  dicarboxylic       acid, 
ethvl   estei-,    formation    of  (K.w   and 
Perkin),  T.,  1645  ;  P.,  270. 
Pentenedicarboxylic     acid.      Sec      ay- 

Diinethylaconitic  acid. 
Perezone.     See  Pipitzalioic  acid. 
Permonosulpliuric     acid.      See     under 

Snljilmr. 
Pbenanthridine  nictliiodide,  constitution 
of   the    cyanide    and    hydroxide    from 
(Tinkler),  T.,  856  ;  P.,  135. 
Phenanthrols,  2-  and  3-,  derivatives  of 

(Hexstock),  T.,  1527  ;  P.,  235. 
2-Plieiiantliryl  ethyl  ether  and  its  10- 
amino-  ami  10-nitro-derivatives  (Hex- 
.STOCK),  T.,  1528  ;  P.,  235. 
3-PhenanthryI  ethyl   ether,    10-amino- 
and        2:7-c?ibromo-10-nitro-      (Hex- 
.stock),  T.,  1531  ;  P.,  236. 
Phenetylaldehyde,   ^?-thio-,   preparation 
of,  and  its  azine,  phenylhydrazone,  and 
semicarbazonc     (iloxiER- Williams), 
T.,  278  ;  P.,  22. 
Phenol,    0-,    m-,    and  ^-nitro-    and    p- 
nitroso-,  relation  between  the  absorp- 
tion spectra  and  chemical  constitu- 
tion    of     (Baly,    Edward.s,     and 
Stewart),  T.,  514  ;  P.,  35. 
4-  and  6-nitro-3-araiuo-,  and  tlieir  N- 
acetyl  derivatives,  and  4:6-(^tnitro- 
3-amino-  (Meldola  andSTEPHKX.s), 
T.,  924  ;  P.,  157. 
2:3:5</"/;nitro-4-amino-,  iV-acetyl  deriv- 
ative, of  and  its  use  as  a  .synthetical 
agent  (Meldola),  T.,  1935  ;  P.,  303. 
Phenoxyacetylthiocarbimide     and      its 

reactions  (Dixo.v),  T.,  908  ;  P.,  147. 
Phenyl    chlorocarbonate,     reaction     of, 
with    thiocarbamide    (Dixox),    T. , 
909  ;  P.,  148. 
methyl     ether,    3-amiiio-.      See      in- 
Anisidine. 
;9-PhenyI   sulphoxide   (Smiles  and    Lk 

Ko.ssionol),  T.,  706  ;  P.,  24,  87. 
Phenylacetonitrile  {benzyl  cyanide),  con- 
densations  of  (ArKixsoNand  Tikikpe), 
T.,  1906  ;  P.,  281. 


5Phenylacridine,      2-p  f?('amino-.       Se 
Chrysaniline. 
^;-amino-2-hydroxy-.        See      Chryso- 
phenol. 
Phenylamino-.     See  Anilino-. 
l-Phenyl-3-azophenyl-thiobiazolone, 
-(/ithiobiazolone,  and  -2-thioaziethane 
(Ormerod),  p.,  206. 
2;2  Phenyl- O-benzoylhydroxy-ltS-benz- 
oxazone    (McCjxnax    and    Tither- 
ley),  T.,  1338  ;  P.,  239. 
Phenylbenzylmithylammonium        com- 
pounds,   influence    of  eoastitution  on 
the   rotatory   power  of  (Tho.MAs    and 
JoxEs),  T.,"28B  ;  P.,  11. 
7-Phenylbutyric  acid,  /3-imino  a-cyano-, 
ethyl  ester,  formation  and  constitution 
of  (Atkin.son  and  Thoki'e),  T.,  1916  ; 
P..  232. 
5-Phenyl-2:4-dibenzyIpyrimi'line,         6- 

amiiio-.      See  Cyanbcnzyline. 
Phenyldimethylanunoninm iodide,  action 
ot  chhDriue  on  (Werxer),  T.,   1638  ; 
P.,  2.^8. 
Phenyldinaphthacridines      and       their 
additive  salts  (Sexier  and  Au.sTix), 
T.,  1395  ;  P.,  241. 
9H-Phenylenediamine,   condensation    of, 
with  methyldihydroresorcin  (Haas), 
T.,  577. 
moaoacyl  derivatives,  action  of  nitrous 
acid    on    (Morgan    and     Mickle- 
thwait),  T.,  1292. 
Phenylenediamines,    m-    and    p-,    con- 
densation   of,   with  dimethyldihydro- 
resorcin  and  with  chloroketodimethyl- 
tctrahydrobenzene   (Haas),    T.,    387  ; 
P.,  63. 
2-Phenylethylamino  5  methyl-4:5-di- 
hydrothiazole    and    its    platinichlor- 
iile    (Young      and      Crookks),     T., 
70. 
7-Phenyl-?i-hexoic      acid,       ;8-iminoa- 
cyano-,    ethyl    ester,    formation    and 
constitution      of       (Atkin.son       and 
Thori'e),  T.,  1926;  P.,  282. 
a-Phenyl-a'-4  hydroxyphenylethane, 
resolution   of,    by   /-iiientliylcarbimidc 
(Pickari)  and  LirrLEurRY),  T.,  467  ; 
P.,  71. 
2-Phenylimino-3:4dimethyl  2:3di- 
hydrothiazole  and   its  platinicldoride 
and  hydroly.sis  (Youxdand  Crookes), 
T.,  6.5. 
3-Phenylimino-l-methylA-'  ■'-dihydro- 
benzene,  5-hydroxy-wi-amino-  (Haas), 
T.,  577. 
2  Phenyliniino-5-niethyltetrahydro- 
thiazole  (Yoi'Nu  and   Crohkes),  T. , 
68. 
Phenyliminophenylamino-.  See  Anilinu- 
piieayliiiiiiiii  . 
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Phenylmethylallylammonium  com- 

pounds, influence   of  constitution   on 
the  rotatory  power  of  (Thomas   and 
Jones),  T.,  297  ;  P.,  11. 
2-Plienylmetliylainino-5-metliyl-4:5-di- 
hydrothiazole  and  its  platiuichloridc 
and   picrate   (Young  and   Ckookes), 
T.,  70. 
l-Pheiiyl-2-metliylbeiiziminazole,      4:7- 
rfinitro-G-liydroxy-      and      4:7-vi-tri- 
iiitro-6-hydroxy-,  synthesis   of  (Mel- 
dola),  T.,  1939. 
2-Plienylnaphthalene,         1 :3-f7ianiino-, 
formation   of,    and   its    hydrochloride 
and  acetyl  derivatives  (Atkinson  and 
Thorpe),  T.,  1934;  P.,  282. 
Phenyloxamic       acid.       See      Oxanilic 

acid. 
Phenylpropiolic     acid,    preparation     of 

(SuDBOROUftH  and  James),  T.  ,  112. 
Phenylpropiolyl  chloride,  action  of,  on 
ketonic  compounds  (Ruhemann),  T., 
682  ;  P.,  89. 
/3-Phenylprcpionic     acid,     a0-dich]oro-, 
and   its   esters,  j^reparation   of  (SuD- 
BOROUGH  and  James),  T.,  106. 
Phenylsuccinic     acid,     preparation     of 
(HiGSON    and    Thorpe),    T.,    1471; 
P.,  242. 
Phenylsuccinic     anhydride,     note     on 
(Dehn   and  Thorpe),  T.,  1882;   P., 
283. 
7-Phenylvaleric  acid,  /8-imino-a-cyano-, 
ethyl  ester,  formation  and  constitution 
of  (Atkinson  and  Thopj'e),  T.,  1922  ; 
P.,  282. 
Phloroglucinol,  the  dynamic  isomerism 

of  (Hedley),  T.,  730  ;  P.,  106. 
Phosphine  oxides,   tertiary,  preparation 
of,   and   their   compounds  with    acids 
and    salts    (Pickard   and    Kenyon), 
T.,  262;  P.,  42. 
Phosphoric  acid,   estimation  of,  in  soil 
by  means  of  weak  acid  solvents  (Hall 
and  Amos),  T.,  205;  P.,  11. 
Photochemistry  : — 

Light,    action    of,    on    benzaldehyde- 
phenylhydrazone    (Chattaway), 
T.,  462  ;  P.,  36. 
influence     of,     on      diazo-reactions 
(Okton,  Coates,  and  Burdett), 
P.,  308. 
Photographic   development,  alkaline, 
theory     of,     with     notes     on     the 
afiinities  of  certain  reducing  agents 
(Sheppakd),  T.,  530  ;  P.,  64. 
Optical  activity,  relation  of,  to  position 
isomerism  (Cohen  and  Zortman), 
T.,  47  ;  (Cohen  and  Armes),  T., 
454,  1479  ;  P.,  74,  241. 
effects   of   adjacent   double   linking 
(Bruhl),  p.,  319. 


Photochemistry  : — 

Optical  superposition,  studies  in  (Pat- 
terson and   Kaye),  T.,  1884;  P., 
274. 
Rotation    of    A^-alkyl    derivatives    of 
malamide   in  glacial  acetic  acid, 
methyl  alcohol  and  pyridine  solu- 
tions   (Frankland   and   Done), 
T.,  1862;  P.,  286. 
of    optically   active    nitrogen   com- 
pounds, eff'ect  of  constitution  on 
(Thomas    and    Jones),  T.,  280 ; 
P.,  10. 
of  alkylated  sugars   and  glucosides 
in  alkyl  haloid  solutions  (Irvine 
and    Moodie),    T.,     1578;     P., 
204. 
of  methyl  esters   of  ^-tartaric   and 
diacetyl-^-tartaric  acids  (Patter- 
son  and  Kaye),    T.,   1884;    P., 
274. 
of  A^-alkyl  derivatives  of  tartramide 
in  pyridine,  methyl  alcohol,  and 
aqueous    solutions    (Frankland 
and  Twiss),  T.,  1852;  P.,  285. 
Magnetic     rotation,     an      improved 
apparatus  for  measuring  (Perkin), 
T.,  608;  P.,  100. 
Eefractive    indices     of    crystallising 
solutions   (Miers   and   Isaac),  T., 
413  ;  P.,  9. 
Spectra,  absorption,  relation  between 
chemical  constitution  and  (Stewart 
and   Baly),  T.,  489,  618;  P.,  33, 
85  ;  (Baly  and  Stewart),  T.  ,  502  ; 
P.,    34  ;     (Baly,    Edwards,    and 
Stewart),  T.,  514  ;  P.,  35  ;  (Baly, 
Marsden,  and  Stewart),  T.,  966  ; 
P.,  126  ;  (Baly  and  Tuck),  T.,  982  ; 
P.,  142. 
Photographic  development.     See  under 

Photochemistry. 
Photosynthesis  by  growing  plants,  review 
of  some  of  the  problems  of  (Meldola), 
T.,  749. 
Phthalamic  acid,  acetyl  and  benzoyl  de- 
rivatives of  (Titherley  and  Hicks), 
T.,  708;  P.,  106. 
Phthaleins,    structure   of  (Silberrad), 

T.,  1793;  P.,  252. 
Phthalic  acid,  3-hydroxy-,  and  its  de- 
rivatives (Robinson),  P.,  323. 
4-hydroxy-,  aud  its  derivatives  (Bent- 
ley  and  Weizmann),  P.,  323. 
Phthalic    anhydride,    condensation    of, 
with   dimethylhomocatechol  (Perkin 
and  Weizmann),  T.,  1660. 
Phthalidecarboxyltropeine  and  its  addi- 
tive  salts   (Jowett   and  Hann),  T., 
363  ;  P.,  61. 
Phthalimide,  acidic  constants  of  (Wood)j 
T.,  1836. 
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Phthalimide,  acetyl  and  benzoyl  deriva- 
tives of  (TiTHERLEY  and  Hicks),  T., 
708  ;  P.,  106. 
Phthalyl  chloride,  condensation  of,  with 
pyrogallol  and  with  veratrole  (Perkin 
and  Weizmann),  T.,  1657. 
Physiological  action  and  chemical  con- 
stitution,   relation    between,    in    the 
tropeines  (Jowett   and  Pyman),  P., 
317. 
Pinene,    some  derivatives   of   (Leach), 
P.,  137. 
aminodicarboxylic     acid     from,     pre- 
paration of,  and  its  hydrochloride, 
nitrate,    acid   oxalate,    copper   salt, 
ethyl  ester   and  its  hydrochloride, 
and  acetyl  derivative  (Tilden  and 
Blyther),  T.,  1563  ;  P.,  255. 
nitrolamine  and  its  additive  salts  and 
acetyl,     dibenzoyl,    and    dipheuyl- 
carbamide      derivatives,     aud      its 
reactions  with  aldehydes   (Leach), 
P.,  304. 
rf-Pinene   from   the   oil   from   the   fruit 
of    Pittosporum    uyidulatum    (Power 
and  Tutix),  T.,  1086  ;  P.,  170. 
Pinocamphylamine.     See  Dihydropiiiyl- 

aniine. 
Piperonal,     electrolytic     reduction     of 

(Law),  T.,  1514,  1526  ;  P.,  237. 
Piperonylideneresacetophenone  di- 

methyl   ether    (Perkin    and    Weiz- 
mann), T.,  1653. 
Piperonyloin,    electrolytic    oxidation   of 
(Law),  T.,  1447  ;  P.,  197. 
electrolytic   reduction   of   (Law),   T., 
1519,  1526;  P.,  237. 
Pipitzahoic  acid,  extraction,  properties, 

and  reactions  of  (Sandeus),  P.,  134. 

Pitto»po7'iim  undulalum,  constituents  of 

the    essential    oil    from    the   fruit   of 

(Power  and  TuTiN),  T.,  1083  ;  P.,  170. 

Platinocyanides,  some  new  (Levy  aud 

SI.S.SON),  T.,  125. 
Polymethylene  series,  velocity  of  chemi- 
cal  change    in   the   (Menschutkin), 
T.,  1532;  P.,  203. 
Position  isomerism,  relation  of,  to  optical 
activity  (Cohen  and  Zortman),  T., 
47  ;    (CouEN   and   Armes),    T.,    454, 
1479;  P.,  74,  241. 
Potassium  cobaltinitrite  {Fischer's  salt) 
and  its  decomposition  by  heat  (Kay 
aud  Ganguli),  T.,  551  ;  P.,  40. 
cyanide,     action     of,     on     pulegonc 
(Clarke  and  Lapavortii),  T.,  1869  ; 
P.,  285. 
ferrocyanide,      action     of     light     on 

(Foster),  T.,  912  ;  P.,  136. 
^jcrsulphate,  interaction  of,  with  hydro- 
gen   peroxide   (Friend),  T.,  1092  ; 
P.,  161. 


Propane,   <n'bromo-,  action  of,   on   the 

sodium  derivative  of  ethyl  nialonate 

(Perkin  and  Simonsen),  P.,  133. 
Propanedicarboxylic   acids.     See  Glut- 

aric  acid  and  Methylsuccinic  acid. 
isoPropenyltrimethylf^/cZopentene.      See 

Trimethyh'sopropcnylcycZopentene. 
Propylene,      aa-f?/chloro-,      action      of 

sodium  on  (Smedley),  P. ,  158. 
Propylenedicarboxylio  acid.     See  Glut- 

acooic  acid. 
Propylenea^T-tricarboxylic  acid.     See 

Aconitic  acid. 
a-Propyl-/3-ethylacrylic    acid.      Sec    ^- 

Ethyl-a-propylacrylic  acid. 
isoPropyltrimethylc/zf/wpentane.  See 

Trimethyh'sopropyl«/t'/oi)entane. 
Proteolysis,  tryptic,  liberation  of  tyros- 
ine during  (Brown  and  Millar),  T., 

145. 
Protocatechuoylresacetophenone     tetra- 

methyl    ether    (Perkin    aud    Weiz- 
mann), T.,  1653. 
Protocatechuoyltropeine  and  its  additive 

salts   (Jowett  and  Hann),  T.,  364; 

P.,  61. 
Pulegenyl-moxazolone  and  -pyridazin- 

one   (Clarke    and    Lapwokth),  T., 

1875. 
Pulegone,  action  of  potassium   cyanide 

on    (Clarke    and    Lapworth),    T., 

1869;  P.,  285. 
Pyridine  ethyl  iodide,  action  of  chlorine 

on  (Werner),  T.,  1636  ;  P.,  258. 
Pyridine-4-carboxylic  acid,  2:6-c^Jliydr- 

oxy-.      See  Citrazinic  acid. 
Pyrogallol,  action  of  isoamyl  nitrite  on, 
and  its  triacetyl  derivative  (Perkin 
and  Steven),  T.,  802  ;  P.,  113. 

derivatives  (Perkin  and  Weizmann), 
T.,  1649;  P.,  269. 
Pyromelliteins,  structure  of  (Si  lberrad), 

T.,  1787;  P.,  252. 
Pyroniellitic  acid,  condensation  of,  with 

rcsorciuol     (Silberrad),    T.,     1787  ; 

P.,  251. 
Pyrrole,  telra\o(\o-,  action  of  chlorine  on 

(Weknkr),  T.,  1634;  P.,  258. 
Pyruvic  acid,  /-bornyl  ester,  asymmetric 

syntliescs      from      (McKenzie      and 

Wren),  T.,  688  ;  P.,  107. 


Q. 

Quinone-a-metbylphenazine,  reduction 
(if  (  Lkk  KsTKi:),  p.,  41. 

Qninones,  the  ndalion  between  tht 
al)siirptiou  spectra  and  chemical 
constitution  of  (Haly  and  Stewart), 
T.,  502;  P.,  34;  (Stewart  and 
Baly),  T.,  618  ;  P.,  85. 
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Quinones,    action  of,  on   o-diamines,  o- 
aud   j)i-nitroanilines,  and  2-nitro-2>- 
tolniiiine  (Le[CESTEr),  P.,  41. 
substituted,   reactivity   of    (Stewart 
and  Baly),  T.,  618  ;  P.,  85. 


B. 

Refractive  indices.  See  under  Photo- 
chemistry. 

Resacetophenone  dimethyl  ether,  con- 
densation of,  with  piperonal  and  with 
ethyl  veratrate  (Perkin  and  Weiz- 
mann),  T.,  1653. 

Resorcinol,  condensation  of,  with  mell- 
itic  and  pyromellitic  acids  (Silber- 
RATi),  T.,  1787;  P.,  251. 

Rhamnose,  alkylation  of  (Pcjkdie  and 
Young),  T.,  1194;  P.,  201. 

Rotation.     See  under  Photochemistry. 


S. 

Salical-.     See  Salicylidene-. 

Salicin,  constitution  of,  and  the  sj'nthe- 
sis  of  its  pent-iraethyl  derivative 
(Irvine  and  Rose),  T.,'814  ;  P.,  113. 

Salicylaldehyde,  electrolytic  reduction 
of  (Law),  T.,  1516,  1525  ;  P.,  237. 

Salicylamide,  labile  isomerism  among 
acvl  derivatives  of  (McConnan  and 
TiTHERLEY),  T.,  1318  ;  P.,  238. 

Salicylic  acid,  derivatives  of  (Jowett 
and  Pyman),  P.,  317. 

Salicylidene-bisdiazometliane  and  -C- 
dimethyltetrazoline  (Ruhe.mann), 
T.,  1271  ;  P.,  238. 

Salicylidenedimethoxy-a-hydrindone 
(Perkin  and  Robinson),  P.,  161. 

Salicylidene-a-hydrindone  (Perkin  and 
Robinson),  P.,  160. 

Saponaretin  from  saponarin  (Barger), 
T.,  1215  ;  P.,  194. 

Saponarin,  a  new  glucoside,  coloured 
blue  with  iodine,  and  its  noua-acetyl 
derivative  (Barger),  T.,  1210  ;  P., 
194. 

Selenium  fluoride  and  its  physical  con- 
stants (Prideaux),  T.,  320  ;  P.,  20. 

Sesquiterpsne,  new,  from  the  oil  from 
the  fruit  of  Pittoi^x'orum  uiidulatum 
(Power  and  Tutin),  T.,  1090  ;  P., 170. 

Silicon  thiocyanate,  prepiration,  con- 
stitntion,  and  properties  of  (Rey- 
nolds), T.,  397;  P.,  17.  _ 

Silver  c^i'oxide  and  ^jr-roxynitrate  (Wat- 
son), T.,  578. 

Sodium  arsenate,  influence  of,  on  the 
fermentation  of  glucose  by  yeast-juice 
(Harden  and  Young),  P.,  283. 


Sodium  nitrate,  refractive  index  of  solu- 
tions of  (Miers  and  Isaac),  T.,  413  ; 
P.,  9. 
Sodium  light,  apparatus  for  obtaining  a 
powerful     (Perkin),     T.,    617;     P., 
100. 
Soil,  determination  of  available  plant  food 
in,  by  the  use  of  weak  acid  solvents 
(Hall   and    Amos),   T.,    205  ;    P., 
11. 
estiniatioa      of     carbon      in     (Hall, 
JIiller,  and  Marmu),  T.,  595  ;  P., 
103. 
Solutions,   contributions   to   the   theory 
of  (Holmes),  T.,  1774  ;  P.,  272. 
saturated,   spontaneous  crystallisation 
of  (Hartley),  P.,  60. 
tlie  attractive  force   of  crystals  for 
like  molecules  in  (Sonstadt),  T.  , 
339. 
Spectra.     See  under  Photochemistiy. 
Stearylphenylthiocarbamide  (Haw- 

TiioRNK),  T.,  560  ;  P.,  86. 
Stilbene  group,  colouring  mattprs  of  the 
(Grekn    and   Cro.sland),    T.,    1602; 
P.,  256. 
Substance,  CgHj^O.,,  from  the  action  of 
eihyl  iodide  on  the  disodium  deriv- 
ative of  diacetylacetone  (Bain),  T. , 
122S  ;  P.,  196. 
CjgHjjO.,,    from   tlie  action  of  propyl 
iodide  on  the  disodium  deiivative  of 
diacetylacetone   (Bain),   T.,   1234  ; 
P.,  196. 
CiiHigONa-     and     C12H7O3N3,      from 

pinene  (Leach),  P.,  137. 
CjoHi^O^Ng,     from      pinene     nitroso- 
clilori'le    and     alcoholic    potassium 
cyanate,  and  its  reduction  (Leach), 
P.,  304. 
Cj^HgOjQ,   and  its  hexa-acetyl   deriv- 
ative, from  the  oxidation  of  ellagic 
or  flavellagic   acids   (Perkin),   P., 
114. 
CjgHgO.iN.,,     from     the    oxidation    of 
indigotii),   and  its  reduction  (Per- 
kin), P.,  198. 
C.j^HjgOgNo,    from    the    reduction    of 
xanthnxalo-?ft-xylidil  (Ruhemann), 
T.,  1852  ;  P.,  284. 
Substitution,  influence  of,  on  the  forma- 
tion   of    diazoamines   and    aminoazo- 
compounds  (Morgan  and  Clayton), 
T.,  1054;  P.,  174. 
Succinic  acid  and  its  alkyl  derivatives, 
method  for  the  formatio>n  of  (Hig- 
soN   and  Thorpe),   T.,    1455;  P., 
242. 
interaction  of,  with  potassium  dichrom- 
ate  (Weiinkr),  P.,  257. 
Succinimide,  acidic  constants  of  (Wood) 
T.,  1836. 
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Sugar,  osmotic  pressure  of  solutions  of, 
in  mixtures  of  ethyl  alcohol  and  water 
(Barlow),  T.,  162. 
Sugars  from  the  gum  of  Cochlospermum 
Gossypiwn  (Robinson),  T.,   1505  ; 
P.,  243. 
alkylated,   addition    of  alkyl   haloids 
to  (Irvine  and  Moodie),  T.,  1578  ; 
P.,  204. 
Sulphonium  bases,  aromatic,  formation 
of  (Smiles  and   Le  Rossignol),   T., 
696  ;  P.,  24,  87. 
Sulphuric   acid,  estimation  of  free,   in 
chalybeate    waters     (Aiilum),    T., 
470  ;  P.,  63. 
Permonosulphuric    acid,   Caro's,   con- 
stitution of  (Price),  T.,  53. 
Synthesis,      asymmetric,      studies      in 
(McKenzie  and  Wren),  T.,  688  ; 
P.,  107.' 
application    of    Grignard's   reaction 
for    (McKenzie),    T.,    365;    P., 
61 ;  (McKenzie  and  Ween),  T., 
688  ;  P.,  107. 


Z-Tartaric   acid,    meuthyl   ester  and   l- 

menthyl    sodium    ester-salt,    rotation 

and    molecular     solution    volume    of 

(Patterson  and    Kate),   T.,    1884 ; 

P.,  274. 
Tartramide,  the  influence  of  various  sub- 

stituents   on   the   optical    activity   of 

(Frankland  and  Twiss),  T.,   1852  ; 

P.,  285. 
Telegram,     congratulatory,      to      Prof. 

Adolph  Lieben,  P.,  311. 
Tellurium    fluoride    and     its    physical 

constants   (Prideaux),   T.,  320;   P., 

20. 
Terebic  acid,  synthesis  of  (Simonsen), 

P.,  307. 
Terebyltropeine   and  its  additive   salts 

(JowETTand  Hann),  T.,  362  ;  P.,  61. 
Terpenes,- experiments  on  the  synthesis 

of    (Perkin),    T.,     832;    (Kay    and 

Perkin),  T.,  839,  1640  ;  P.,  72,  269. 
Terpenylic   acid,   svnthesis   of  (Simon- 

.sen),  p.,  307. 
Terpineol,    density,    magnetic    rotation, 

and  refractive  power  of  (Perkin),  T., 

851. 
Tetra-anisylerythritol  (Law),  T.,  1518. 
Tetracuminylerythritol       (Law),      T., 

1518. 
Tetradecanedicarbozylic        acid.       See 

Tetrapropylsuecinic  acid. 
Tetrahydronaphthoic    acids,    resolution 

of  (Pickard  and  Yates),  T.,   1101  ; 

P.,  202. 
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ac.  -Tetrahydro-2-naphthoI,  resolution 
of,  by  Z-menthylcarbimide  (Pickard 
and  Littlebury),  T.,  1254  ;  P., 
238. 

Tetrahydro-7/i-  and  -^>-toluic  acids.  See 
1 -Methyl- A^-cyc^ohexene-3-  and  -4- 
carboxylic  acids. 

Tetrahydroumbellulone  and  its  serai- 
carbazones  (Tutin),  T.,  1119. 

3:4:3':4'-Tetramethoxybenzophenone 
and  its  oxime  (Perkin,    Weizmann, 
and  Smith),  T.,  1661. 

Tetramethoxydiphenylphthalide  (Per- 
kin and  Weizmann),  T.,  1657. 

Tetramethoxy-4'-methylbenzophenones, 
3:4:5:1'-  and  2:3:4:3'-  (Perkin,  Weiz- 
mann. and  Haworth),  T.,  1663. 

l:4:5:6-Tetramethoxynaphthalene  (Per- 
kin and  Weizmann),  T.,  1658. 

Tetramethylammonium  pentaiodaAe , 
preparation  of  (SiLBERRADand  Smart), 
T.,  173  ;  P.,  15. 

5:5:5':5'-Tetramethyl-dic?/c/ohexane,l:l'- 
and  3:3'-c?ihydrosy-,  and  -A'^^'-dicycZo- 
hexene,  l:r-^ihydroxy-  (Crossley 
and  Renouf),  P.,  303. 

Tetramethyl  glucose,  addition  of  alkyl 
haloids  to  (Irvine  and  Moodie),  T. , 
1578  ;  P.,  204. 

Tetramethyl  mannose  and  o-methyl- 
mannose,  addition  of  alkyl  haloids 
to  (Irvine  and  Moodie),  T.,  1585  ; 
P.,  205. 

Tetramethyl  methylglucosides,  o-  and 
/3-,  addition  of  alkyl  haloids  to 
(Irvine  and  Moodie),  T.,  1584  ;  P., 
204. 

l:l:3:5-Tetramethyl-4-c?/cZopeiitaiione- 
2-carboxylic  acid  {\:\:^:5-tetramethyl- 
4.-ketopc7iiamethyle7ie-2-carboxylic  acid) 
and     its    oxinie    and     semicarbazone 
(Perkin  and  Thorpe),  T.,  787. 

)3/8)3';8'-Tetramethylsuberic  acid  and  its 
esters  and  salts,  preparation  of 
(Walker  and  Wood),  T.,  599; 
P.,  104. 
bromo-  and  hydroxy-derivatives  of 
(Wood),  T.,  604  ;  P.,  104. 

Tetrapiperonylerythritol  (Law),  T., 
1519. 

Tetrapropylsuecinic  acid  and  its  anhydr- 
ide and  methyl  hvdrogen  ester 
(Crichton),  T.,  933;  P.,  162. 

Tetraresercinolmelliteins.        See       Di- 
xaiithylbenz('ne-2:4:5:6-tetracarbox- 
ylic  acids,  3:6:9:3':6':9'-Aej'ahydroxy-. 

Tetrathiocarbamide  potassium  iodide 
(Werner),  P.,  245. 

Tetrazoline  (Ruhemann),  T.,  1268  ;  P., 
238. 

Theobromine,  afllnity  constants  of 
(Wood),  T.,  1840;  P.    271. 

6o 
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Theophylline,     affinity     constants      of 

(Wood),  T.,  1841  ;  P.,  271. 
Thiobiazolones  and  xanthates,  chemistry 

of  the  (Ohmerop),  p.,  206. 
Thiocarhamide,  reaction  of,  with  phenyl 
chlorocarbonate  (Dixon),  T.,    909  i 
P.,  148. 
as  a  solvent  for  gold  (Moir),  T.,  1345  ; 

P.,  105,  164. 
compound  of,  with   potassium  iodide 
(Werner),  P.,  245. 
Thiocarbimides,     interaction     of,    with 
ethyleneaniline     and     the     ethylene- 
toluidines    (Davis),    T.,    713;      P., 
114. 
Thiocarhimidoarylcarbonates  and   their 

reactions  (Dixon),  T.,  896  ;  P.,  147. 
Thiocarbonic  acid  and  some  of  its  salts, 
preparation  and  properties  of  (O'Don- 
OGHUE   and   Kahan),   T.,    1812;    P., 
273. 
Thiocyanates,    organic  acid,    and    their 
derivatives,  chemistry  of  (Dixon),  T., 
892  ;  P.,  147. 
Thioureas,   action   of  acid  chlorides  on 

(Dixon  and  Hawthorne),  P.,  322. 
Tin    tetrachloride,    action    of    nitrogen 
sulphide  on  (Davis),    T.,    1576  ;  P., 
261. 
Titanium  tetrachloride,  action  of  nitro- 
gen sulphide   on    (Davis),  T.,  1576  ; 
P.,  261. 
Toluene,  2:B:i:5-tetrach\ovo;  properties 
of  (Cohen  and  Dakin),  T.,  1453; 
P.,  241. 
tr initro-,  compound  of,  with^-toluidine 
(Jackson  and  Clarke),  P.,  84. 
^-Tolueneazo-j3-aniino-8-nitronaphthal- 

ene  (Smith),  T.,  1509  ;  P.,  236. 
4-^j-Tolueneazo-2-bromo-6-nitrophenol, 
preparation    of,    and    its    acetyl    and 
benzoyl     derivatives     (Hewitt     and 
Walker),  T.,  185;  P.,  16. 
^-Toluene-)8-diazoaniinonaphthalene-8- 
sulphonic  acid,  sodium  salt  (Smith), 
T.,  1506;  P.,  236. 
^-Toluenediazo-4'-seniicarbazinocamphor 
and     its     decomposition     by     alkali 
(Forster),  T.,  235;  P.,  31. 
Toluene-p-sulphonyl-»i-nitroaniline 
(Morgan  and   Micklethwait),    T., 
1292. 
Toluene-iJ-Bulphonyl-»i-phenylenedi- 
amine  and  its  diazotisation  and  azo- 
/3-naphthol   derivative   (Morgan  and 
Micklethwait),  T.,  1292. 
»|/-??i-Toluic  acid  (Perkin  and  Simoxsen), 

P.,  134. 
3-Toluidino-l:l-dimethyl-A'-5-dihydro- 
benzene,  4-hydroxy-,  and   its   hydro- 
chloride and  acetyl  derivative  (Haas), 
T.,  196. 


3-j!)-Toluidino-l:l-dimethyl-A^-c?/c/o- 
hexenone-5.      See    5-Keto-3-;;-toluid- 
ino-l:l-dimethyl-A'^-tetrahydro- 
benzene. 
3-^-Toluidino-5-;)-tolylimino-l:l-di- 
methyl-A-'-tetrahydrobenzene  and  its 
additive  salts  and  benzoyl  derivative 
(Haas),  T.,  199. 
s-jj-Tolylallylthiocarbamide  (Young  and 

Crookes),  T.,  71. 
2:4-Tolylenediamine,     monaeyl     deriva- 
tives,    action     of     nitrous     acid     on 
(Morgan,       Micklethwait,       and 
CouzENs),  T.,  1293  ;  P.,  240. 
2:4  Tolylene-a.s(4)-dimethyldianiine.  See 

ffis(4)-Dimethyl-2:4-rfiaminotoluene. 
2-Tolylethylamino  5-niethyl-4:5  di- 
hydrothiazoles,  o-  and  p-,  and  their 
platinichlorides  and  oxicjation  (Young 
and  Crookes),  T.,  73. 
2-Tolyliinino-5-methyltetrahydrothiaz- 
oles,  0-  and  p-,  and  their  acetyl  de- 
rivatives (Young  and  Crookes),  T., 
72. 
Tolyliminotolylamino-.     See  Toluidino- 

tolylimino-. 
2-Tolylmethylamino-5-methyl-4:5-di- 
hydrothiazoles,  o-  and  p-,   and  their 
platinichlorides  and  oxidation  (Young 
and  Crookes),  T.,  72. 
Triacetic  acid,  ethyl  ester  (Sproxton), 

T.,  1186  ;  P.,  202. 
Triacetic    lactone,    methyl    and    ethyl 
esters  (Sproxton),  T.,  1186  ;  P.,  202. 
Triazobenzene,   ^>-araino-,    and    its    N- 
acetyl  derivative,  preparation  of  (Sil- 
BERRAD  and  Smart),  T.,  170  ;  P.,  14. 
Tribenzylammonium    di-     and     penta- 
iodides,    preparation    of    (Silberrad 
and  Smart),  T.,  173  ;  P.,  19. 
Tribenzylphosphine  oxide  and  its  com- 
pounds with  acids  and  salts  (PicKARD 
and  Kenyon),  T.,  264  ;  P.,  42. 
Triethylphosphine   oxide   and  its  com- 
pounds with  acids  and  salts  (Pickard 
and  Kenyon),  T.,  264  ;  P.,  42. 
3:4:5-Triniethoxybenzoic  acid.  See  Gallic 

acid  trimethyl  ether. 
3:4:5-Trimethoxybenzoylacetic         acid, 
ethyl  ester  (Perkin  and  Weizmann), 
T.,  1656. 
3:4:5-Trimethoxybenzoylacetoacetic 
acid,  ethyl  ester  (Perkin  and  Weiz- 
mann), t.,  1655. 
3:4:3'-Triniethoxy-4'-methylbenzophen- 
one,  2-hydroxy-,  and   its   derivatives 
(Perkin,  Weizmann,  and  Haworth), 
T.,  1662. 
Trimethyl  arabinose  and  its  condensation 
with  methyl  alcohol  and  methylation 
(Purdie  and  Rose),   T.,   1208;   P., 
202. 
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1:2:6-Trimethylbenzene,  3:5-rfichloro-, 
and  its  oxidation,  and  3:5-rfichloro- 
4-bromo-,  and  3:5-rftchloro-4-nitro- 
(Crossley  and  Hills),  T.,  881  ;  P., 
144. 

Trimethylbrazilein  and  its  derivatives 
(Excels  and  Perkin),  P.,  132. 

a77-Trimethylbutane-a^5-tricarboxylic 
acid  (Perkin  and  Thorpe),  T., 
786. 

ayy-Trimetbylbutane-o/SS-tri-  and  -a^BS- 
tetra-carboxylic  acids  (Perkix  and 
Thorpe),  T.,  793. 

l:l:2-Trimfithyl-A'-:*-dihydrobenzene, 
3:5-rfi'chloro-  (Crossley  and  Hills), 
T.,  880;  P.,  144. 

Trimethyldihydroresorcin,  action  of 
phosphorus  pentachloride  on  (Cross- 
ley  and  Hills),  T.,  875  ;  P.,  144. 

l:l:3-Triniethyl-4-ketopeiitametliylene- 
2:3-dicarboxylic  acid.     See  l:l:3-Tii- 
methyl-4-c?/c/opentanone-2:3-dicarb- 
oxylic  acid. 

Trimethyl  a-  and  jS-methylarabinosides 
(Purdie  and  Rose),  T.,  1207  ;  P., 
201. 

l:l:2-Trimethylc!/cVopentaiie.  See  Di- 
hydroi'solauroleue. 

1:1:3  TrimetliylcycZ(3peiitane-2: 3-dicarb- 
oxylic      acid      {\:\:'i-triincthylpenta- 
viethyle7ie-2:3-dicarboxylic  acid)  and  its 
anhydride  and  methyl  ester  (Perkin 
and  Thorpe),  P.,  791. 

l:l:3-Trimethyl-4  t7/f?opentanol-2:3-di- 
carboxylic     acid     {l:l:34ri)nethyl-i- 
hydroxypentamethylene-2:S-dicarb- 
oxylic  acid)  (Perkin   and  Thorpe), 
T.,  789. 

l:l:3-Trimethyl-4-c?/cZopentanone-2:3-di- 
carboxylic  acid  (1  -.l-.Z-tririuthylA-keto- 
pentamethyltne-'2:Z-dicarboxyHc  acid), 
ethyl  ester,  and  its  reactions  (Perki.v 
and  Thorpe),  T.,  783. 

l:l:3-Trimetbyl-A^-c!/cZopeiitene-2:3-di- 
carboxylic  acid,  4-chloro-,  ethyl  ester 
(Perkin  and  Thorpe),  T.,  784. 

Trimethylphosphine  oxide  and  its  com- 
pounds with  acids  and  salts  (Pickard 
and  Kenyon),  T.,  264  ;  P.,  42. 

Trimetliyl/sopropenylci/cZopentene  (Per- 
kin and  Thorpe),  T.,  800. 

Trimethyl/wpropylcyc^pentane,  </ihydr- 
oxy-  (Perkin  and  Thorpe),  T.,  800. 

Trimethyl  rhamnose  and  its  metliylatioii 
and  pheiiylhydrazonc  (Purdie  and 
Young),  T.,  1202  ;  P.,  201. 

Trimethylsuccinic  acid,  preparation  of 
(Higson  and  Thorpe),  T.,  1466  ;  P., 
242. 

Trimethylsnlphonium  iodide,  action  of 
chlorine  on  (Werner),  T.,  1635  ;  P., 
258. 


Triphenetylsulphonium  and  its  liydr- 
oxide,  chlorides,  and  platinichloride 
(Smiles  and  Le  Rossignol),  T.,  702  ; 
P.,  24,  87. 

Triphenolsulplionium  chloride  (Smiles 
and  Le  Rossignol),  T.,  705;  P., 
24,  87. 

Triphenylmethane,  solubility  of,  in 
organic  liquids,  with  which  it  forms 
crystalline  compound  (Hartley  and 
Thomas),  T.,  1013  ;  P.,  59. 

Triphenylphospliine  oxide  and  its  com- 
pounds with  acids  and  salts  (Pickard 
and  Kenyon),  T.,  264  ;  P.,  42. 

Tri-M-propylphosphine  oxide  and  its 
compounds  with  acids  and  salts 
(Pickard  and  Kenyon),  T.,  264  ; 
P.,  42. 

s-Trixantliylbeiizene-2:4:6-tricarboxylic 
acid,  3:6:9:3':6':9':3":6":9"-nw!«hydr- 
oxy-,  and  its  dodecabromo-  and  do- 
decaiodo-derivatives  and  their  salts 
(Silberrad  and  Glover),  T.,  1808  ; 
P.,  252. 

Iropeines,  preparation  and  properties  of 
some  new  (Joweit  and  Hann),  T., 
357  ;  P.,  61. 
relation  between  chemical  constitu- 
tion and  physiological  action  in 
the  (JowETT  and  Pyman),  P., 
317. 

Tube,  calcium  chloride.  See  Calcium 
chloride  tube. 

Tungsten  /iCJ.«chloride,  action  of  nitrofjen 
sulphide  on  (Davis),  T.,  1577  ;  P., 
261. 

Tyrosine,  liberation  of,  during  tryptic 
proteolysis  (Brown  and  SIillar), 
T.,  145. 

IT. 

TJmbellularic  acid  and  its  anhydride  and 

ethyl    ester,    and   Umbellulonic   acid 

and  its  lactone  (Tutin),  T.,  1110  ;  P., 

195. 
Umbellulone,    constitution    of,    and    its 

reactions  (Tutin),  T.,  1104  ;  P.,  195. 
Unsaturated      compounds,     electrolytic 

oxidation  of  (Law),  T.,  1449. 
Tlreides,      acidic     constants     of     some 

(Wood),  T.,  1831  ;  P.,  271. 
Uric  acid   derivatives,   acidic  constants 

of  (Wood),  T.,  1831  ;  P.,  271. 


Valencies  of  atoms  of  certain  compounds 
and  their  volumes,  at  the  melting 
point,  relation  between  the  (Le  Bas), 
P.,  322. 
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Valency,  a  development  of  the  atomic 
theory  which  correlates  chemical  and 
crvstalliue  structure  and  leads  to  a 
demonstration  of  the  nature  of  (Bar- 
low and  Pope),  T.,  1675  ;  P.,  264^ 
a  difficulty  in  the  theory  of,  of  W. 
Barlow  and  "\V,  J.  Pope  (Chap- 
man), P.,  320. 
Vanillin,  electrolytic  reduction  of  (Law), 

T.,  1515,  1526;  P.,  237. 
Vapour  pressure  curves,  possible  types 

of  (Marshall),  T.,  1350  ;  P.,  15-4. 
Vapour   pressures    of   binary   mixtures 

(Marshall),  T.,  13.50  ;  P.,  154. 
Velocity  of  chemical  change.    See  under 

Affinity,  chemical. 
Veratrole,  preparation  of,   and  its  con- 
densation    with     phthalyl     chloride 
(Perkin  and  Weizmann),  T.,  1649. 
Viscosity  of  liquid  mixtures  (Dunstan), 
P.,  89  ;  (Dunstan  and  Wilson),  P., 
308. 
Vitexin   from  saponarin  and  its  consti- 
tution (Barger),  T.,  1215  ;  P.,  194. 
Volumes  of  atoms  of  certain  compounds 
at    their    melting    points    and    their 
valencies,  relation  between  (Le  Bas), 
P.,  322. 

W. 

Wall-papers,      estimation     of     arsenic, 

electrolytically,  in  (Thorpe),  T.,  408  ; 

P.,  73. 
"Water,  evaporation  of  (Smith),  T.  ,  479  ; 

P.,  40. 
Waters,  chalybeate,  estimation   of  free 

sulphuric      acid,     volumetrically,    in 

(Ahlum),  T.,  470  ;  P.,  63. 
Weights,  molecular,  improved  apparatus 
for   determining    (Blackman),    P., 
175. 

improved    Beckmann    apparatus     for 
determining  (Sanders),  P.,  165. 
Woollen  fabrics,  estimation  of  arsenic, 

electrolytically,  in  (Thorpe),  T.,  408  ; 

P.,  73. 


Xanthates  and  thiobiazolones,  chemistry 
of  the  (Ormerod),  P.,  206. 

Xanthine  and  its  methyl  derivatives, 
affinity  constants  of  (Wood),  T., 
1839  ;  P.,  271. 

Xanthoxal-anil,  -o-  and  -j:?-toluidils,  and 
-a-naphthylanil  (Ruhemann),  T., 
1244  ;  P.,  198. 

Xanthoxalanil  and  the  action  of  alkalis 
on    (Ruhemann),    T.,    1847;    P., 
284. 
mono-  and  rfe'-thio-  (Ruhemann),  P., 
324. 

Xanthoxalo-^Jz-cumidil,  -jj-ethoxyanil, 
-;3-naphthylanil,  and  -9;i-xylidil 
(Ruhemann),  T.,  1849  ;  P.,  284. 

Xanthylbenzene-2-carboxylactone-4:5- 
dicarboxylic  acid,    3:6:9-/rihydroxy-, 
and    its    salts    and    tetrabromo-    and 
tetraiodo-derivatives  (Silberrad  and 
Roy),  T.,  1796  ;  P.,  252. 

Xanthylben2ene-2:4:5-tricarboxylic 
acid,  3:6:9-<rfhydroxy-,  and  its  tetra- 
bromo- and  tetraiodo-derivatives,  and 
their  salts  (Silberrad  and  Roy),  T., 
1797. 

o-Xylene    derivatives    (Stallard),    T., 
808;  P.,  104. 
3-brouio-,  and  its  sulphonation  (Stal- 
lard), T.,  808;  P.,  104. 

m-Xylylene-4:6-diamine,  monoacyl 

derivatives,  action  of  nitrous  acid 
on  (Morgan,  Micklethwait,  and 
Couzens),  T.,  1295;  P.,  240. 

m-Xylylene-4:6-dimethyldiamine.  See 
s-Dimethyl-4:6-f?iamino-7?i-xylene. 


Yeast,  chemical  dynamics   of  alcoholic 
fermentation  bv  (Slator),  T.,  128. 


Z. 

Zirconium  silicate.     See  Malacone. 


ERRATA. 
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YoL.  LXXXIX  (Trans.,  1906). 

for  "yisa,  linear  function  of  x  "  read  "y  isa.  linear  function  of  log  x. 
,,    "  orthosilicate  "  read  "  metasilicate. " 
,,    "  Scherer  "  read  "  Scheerer." 
,,    "  Chautelope"  read  "  Chantelope." 
,,    "Zi"  read  "Zr." 
,,    "  one  of  the  authors  "  read  "the  author."  
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